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BUILDING HUMAN VARIABLES INTO COMBAT MODELS

INTRODUCTION

,_ckground

This report describes the results of research performed for
the US Army Institute for the Behavioral and Social Scienzes (USARI) under
the terms of contract number MDA903-86-C-0248. The research, entitled
Building Human Variables into Combat Models, was performed by a team led by
Vector Research, Incorporated (VRI) as prime contractor, with Horizons
Technology, Incorporated (HTI) and Essex Corporation as subcontractors.
The research was initiated in September 1986. Dr. David M. Promisel of
USARI Systems Research Laboratory was the Contracting Officers Technical
Representative (COTR). Dr. Irving Alderman served as deputy COTR and made
significant contributions to the research directions and the research
itself.

The objectives of the research associated with "Building Human
Variables into Combat Models" derived from perceived shortcomings of the
combat models and analyses performed in support of Army decision making
and from the expectations that "soldiers on future battlefields will exper-
ience: high lethality, high disability, high stress, significant casual-
ties in rear areas, severe sleep deprivation, low light levels, and opera-
tions during normal sleeping hours."' The technical objectives as provided
in the Statement of Work were "to identify human variables that are expect-
ed to influence predictions of combat effectiveness, to develop procedures
for measuring these variables and collecting data, and then to estimate the
nature and level of their effects." Research performed by the team to
accomplish these objectives is summarized in the remainder of this intro-
duction and described in greater detail in the body of the report.

Approach

Two principal tasks were included in the research program. The first
task was to develop a conceptual framework "for inquiry identifying the
range of variables to be examined and the types of hypotheses to be inves-
tigated." This development required that the following factors be
addressed:

1. level of detail (e.g., global versus mission versus task-
specific);

2. scope (e.g., type of terrain and/or mission, nature of enemy
threat); and

3. anticipated complexity (e.g., simple "decrement" factors to adjust

soldier performance under specified conditions such as fatigue

1DePuy, William, "Concepts of Operation: The Heart of Command, The Tool of
Doctrine", 6=, August 1988, pp. 26-40.
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versus more complex sets of relationships with multiple interact-
ing variables.

The development of a preliminary version of the conceptual framework
was the first subtask in the research program. 2 It was based upon review
of material from three sources: (1) a subject matter expert with extensive
experience in combat, in training, and in command; (2) anecdotal accounts
of battle, including autobiographical and biographical literature and mili-
tary history; and (3) the behavioral science literature. The development
also drew on the experience of the research team with the National Training
Center (NTC) and with combat modeling and analysis.

The review of the behavioral science literature constituted the
second subtask, and it was given a particular focus and scope, namely, it
was restricted to material related to fatigue and its role in combat. This
approach was adopted for a number of reasons. First, the nature of combat
envisioned by AirLand Battle Future involves continuous, high stress opera-
tions and understanding fatigue is very important. Second, a series of
experiments involving fatigue were scheduled to occur during the period of
the contract, and it was hoped that these experiments could be utilized in
a serendipitous manner.

The literature on fatigue and related stressors likely to be encount-
ered in the battlefield is enormous, but much of it is not helpful from the
viewpoint of performance problems posed by continuous operations. To con-
strain the literature search, which included the data bases of the Defense
Technical Information Center (DTIC), and thL National Technical Information
Service (NTIS), we employed a strategy that required report titles to
include not only key terms such as fatigue and/or stress, but also perform-
ance. Special searches were also conducted on "human variables in combat",
"combat fatigue", and "combat stress". These initial searches, plus a siz-
able reference list of our own on fatigue and other stressors, created a
large inventory of possibly relevant articles and technical reports.
Titles and abstracts were then thoroughly screened for apparent relevance
to long term performance, loss of sleep, and other stressors likely to be
encountered in a combat environment (e.g., heat, noise, vibration, enemy
action). This search procedure was generally followed until the reference
lists of newly acquired documents showed a high degree of overlap with
those previously acquired.

Data bases of DTIC and NTIS, as well as MedLine were searched for
studies involving physical fatigue and related stressors. Relevant areas
in this search included physiology, muscle strength, endurance, and rest
and recovery periods. While reports of studies involving continuous opera-
tions and physical work from the military community were preferred, rele-
vant industrial or laboratory studies involving repetitive manual materials
handling, heavy physical work, physical work capacity, and heat stress were
also considered.

2Evans, S.M., Mackie, R.R. and Wylie, D.D. "Fatigue Effects on Human
Performance in Combat: A Literature Review". (ARI Research Note).
Alexandria, VA: U.S. Army Research Institute for the Behavioral and Social
Sciences. (In process)
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The third and final subtask was to refine the preliminary conceptual
framework. This subtask was originally intended to be based on "findings
from the literature review and input from recognized military/research
authorities". Both these sources were used, however, results of research
performed at NTC also played a significant role in determining the final
form of the framework.

The second principal task of the research program was the estimation
of the effects of specified human variables on the combat process. It
included the development of testable models and hypotheses, preparation of
a research plan, development of data collection instruments and procedures,
implementation of the research plan, and synthesis of the research find-
ings. These five subtasks were completed in the context of a particular
rotation at NTC and focused on the impact of sleep-loss and fatigue on
combat effectiveness.

The rationale for choosing an NTC rotation as a research vehicle was
related to an opportunity to "piggyback" on other research scheduled well
before the initiation of this study. For the rotation in question, the
Walter Reed Army Institute of Research (WRAIR) had instrumented 68 soldiers
(primarily members of the battalion staffs, the company, and the platoon
leaders) with wrist monitors which measured activity as a function of time
over the 14 days of the rotation. For the same rotation, the Leadership
and Management Technical Area of the USARI Training Laboratory conducted
research on platoon leadership. It was the opinion of the research team
that, if the NTC digital data base, After Action Reviews (AAR), and Take
Home Packages (THP) could be analyzed, that an understanding of the link
between fatigue, leadership, and battalion effectiveness might be
developed. Accordingly, research plans were prepared to investigate the
"link between fatigue and platoon leadership using WRAIR and Leadership and
Management Technical Area results 3 and to investigate the links between
fatigue and combat effectiveness using WRAIR data, Leadership and Manage-
ment Technical Area data, and digital data, AAR, and THP from NTC. 4

HTI examined the observer controller and subject matter expert data
and the WRAIR sleep data to assess if there was a tie between sleep
patterns/levels and the subjectively rated unit performance. HTI also
examined pre- and post-rotation questionnaires and the resulting data on
leadership, attitudes, commitment, morale, training adequacy, training
quality, and demographics on military and unit history and responsibilities
to a4ess possible relationships b-tween sleep patterns and experience,
longev-;ty in the unit, and unit leadership ratings.

3Horizons Technology, Incorporated (1987). Research Plan for Examining
the Effects of Sleep Loss on Leadership and Unit Performance at the NTC.
Oakton, VA: Horizons Technology, Incorporated.

&Davis, R. (May, 1988). NTC Data Base Analysis (VRI-ARI-9 WN88-1(R)).
Ann Arbor, MI: Vector Research, Incorporated.
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The approach proposed for the analysis of NTC data centered on the
concept of minibattles, derived from Rowland, 5 and synchronization 6 both
consistent with the early versions of the conceptual framework. Synchroni-
zation provided a basis for investigating a series of hypotheses. The
research plan focused on the digital. data base but included analysis of AAR.
and THP. It also included participation by TRADOC An&lysis Command, White
Sands Missile Range (TRAC-WSMR), as a source of terrain and line-of-sight
analyses.

Research Results

The results of the research program fall into two categories. The
first category encompasses the conceptual framework and the associated lit-
erature review. The second category includes the hypotheses and models
derived from the conceptual framework and the research carried out on the
NTC rotation. The results are summarized as follows.

Conceptual Framework. The conceptual framework has two principal
components. The first embodies a perspective of combat which views the
combat process as resulting from the activities of small units, groups, or
teams -- the executing elements of vertical functional systems or battle-
field operating systems. Two types of small units, groups, or teams are
included: one that is an executing element and one that provides command
and control -- both vertical and horizontal. The framework thus addresses
all levels of combat from squad to theater and emphasizes both performance
of tasks and missions and the degree to which synchronization is present
among different elements of a vertical functional system and between ele-
ments of different vertical functional systems. This choice of "level of
resolution" is based upon a requirement to represent the fact that not all
subunits of, for example, battalion, brigade, or division, are equally cap-
able or at any given time equally influenced by human variables. It also
reflects an approach to determining combat effectiveness that emphasizes
synchronization.

Given a particular small unit, group, or team, the impact of human
variables on its performance of Lasks or a set of tasks and its behavior is
addressed in the second component of the framework, which is in a mathemat-
ical sense a set of conditioning arguments or implicit functions describing
changes in performance and behavior over time. The first "function"

5Rowland, D. (June, 1986). "Assessment of Combat Degradation". RUSI
•".riL 33-43.

6 DePuy, W. (January, 1988). "Baseline Functional, Organizational, and
Procedural Structure for the Command and Control of an AirLand Battle
Force in a Joint Environment". Briefing to Commander, Combined Arms
Center. both consistent with the early versions of the conceptual frame-
work. Synchronization provided a basis for investigating a series of hypo-
theses. The research plan focused on the digital data base but included
analysis of AAR and THP. It also included participation by TRADOC Analysis
Command, White Sands Missile Range (TRAC-WSMR), as a source of terrain and
line of sight analyses.
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reflects that performance, measured in terms of task or behavior selected,
and time, accuracy, and completeness of task performance, has a baseline
that is a function of basic abilities, individual and collective training,
coherion and leadership, and supervision (by an internal leader). The
second "function" addresses environmental stressors and postulates that
exposure to these stressors together with the intensity of task performance
causes changes in baseline performance. The third "function" deals with the
stress-recovery process and relates changes in performance for a given set
of environmental stressors to the nature of the stress-recovery process.
The final "function" deals with so-called intangible factors -- morale,
motivation, and leadership and is based on an assumption that these factors
primarily influence performance by changing the impact of the stress-
recovery process.

The conceptual framework leads to a concept for addressing human var-
iables that involves decrement factors to be derived from the four func-
tional forms described above, related to time. It also implies that in
order to address issues of unit or formation effectiveness relative to
human variables, analysts and researchers must represent the distribution
of positions in stress-recovery cycles over the different executing ele-
ments and vertical functional systems.

Literature Review. The literature review served two purposes. The
first was to provide insights to the development of the conceptual frame-
work; the second was to ascertain the degree to which the literature could
be used as a source of data to describe the impact of human variables in
combat. As noted above, the literature review focused on fatigue and
sleep-loss. In this context it supported the emphasis in the framework on
the stress-recovery process and on the categorization into small units,
group3, or teams. In terms of serving as a source of data, however, the
review was not as useful as had been hoped.

Much of the literature concerning the effects of fatigue on human
performance, including studies where military type tasks were performed as
well as those employing fundamental psychological tests, have been incon-
clusive because of improper experimental protocol, the nature and duration
of the tasks studies, and the type of test device used and when adminis-
tered. Many studies do not report a baselinp of performance, making it
difficult to describe the effects of fatigue on performance in quantitative
terms. In addition, there is very little information on the combined
effects of fatigue and other battle related stressors, suck as heat, cold,
vibration, confinement, and noise, as well as real world adverse environ-
ments and uncertainties.

In addition to examining the behavioral sc..ence literature, anecdotal
material was reviewed. The anecdotal literature is a means of establishing
human behavior in combat and is useful in this regard. However, because it
deals with specific combat situations it does not provide the range of sit-
uations nor the degree of control necessary to develop quantitative data
regarding human variables and performance.

4i
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Qq._Research

The research performed in conjunction with WRAIR and the Leadership
and Management Technical Area of USARI had as its objective linking fatigue
and sleep-loss to combat effectiveness through smaUl unit leadership and
battalion command and control. The results, compared to this objective,
are at best ambiguous. First, not all the units had instrumented
personnel. Second, for those personnel for whom data were available, it is
not clear that the rest-activity pattarns realized are consistent with the
build-up of fatigue. Given that there is no firm evidence of fatigue,
other causes must be sought to explain the combat results and unit effec-
tiveness. In itself this proved to be useful.

The analysis of combat dynamics and unit effectiveness using the
digital data base, AAR, and THP was designed to address four hypotheses:

(1) a small unit's performance in delivering its "increment" of com-
bat power is dominated by initial conditions which determine
opportunities to participate;

(2) determination of initial conditions is dominated by leadership
and supervision;

(3) given opportunities to participate, the level of participation
by individual systems does not vary significantly; and

(4) given a decision to participate, soldier/system contribution
does not vary significantly.

The quality of the digital data base precluded extensive analysis at the
level, of detail originally proposed. Nonetheless, the evidence developed
provides no reason to reject any of the four hypotheses. Individual system
performance was shown to be at or beyond standards in such tasks as engage-
ments. The data suggested that a fraction of systems do not participate
even when given opportunities. Leadership and supervision were key to
ensuring that tasks were initiated, in particular, engagement and synchro-
nization across vertical functional systems. NTC results also provided
examples of the extreme realization of Lypothesis one -- units failed to
contribute or contributed only marginally because they were in the wrong
place at th. wrong time due to command and control deficiencies.

To supplement the quantitative analysis (which relied heavily on the
digital data base), a qualitative analysis of a small set of randomly
chosen AAR and THP was undertaken. This analysis focused on occurrences of
events which indicated failures to synchronize among the executing elements
of ditferent vertical functional systems. While the training role of NTG
cannot be ignored, the analysis revealed consistent patterns of breakdowns
in synchronization and suggested that the NTC data could serve as a source
of baseline data for the performance of command and control elements at
levels above platoon. It is this "executing control element" that is the
major determinant of unit effectiveness in the rotations examined in this
research.

i i6



CONCEPTUAL FRAMEWORK

As noted in the introduction, the first task of this study was to
develop a conceptual framewdork "for inquiry identifying the range of vari-
ables to be examined and the types of hypotheses to be investigated". Three
subtasks were required: the development of a preliminary framework, a syn-
thesis of relevant literature, ana refinement of the framework based upon
the results of the literature review and "input from recognized military/
research authorities". The approach taken to complete this task and its
results are dessribed in this chapter.

APProach

In order to develop a conceptual framework for inquiry into human var-
iables in combat it was first necessary to adopt a description of the com-
bat process to identify key events and processes in combat and the role of
soldiers in those events and processes. That description then served as a
basis for examining human variables and their impact on process dynamics
and outcomes. The examination of human variables was restricted initially
to fatigue, because of the interest in Continuity of Operations (CONOPS),
and because Of an opportunity to utilize planned research at the National
Training Center. (This research involved measurement of sleep/activity
cycles by researchers from the Walter Reed Army Institute of Research
(WRAIR) and investigation of relationships betveen sleep loss and leader-
ship by researchers from the Leadership and Management Technical Area of
the Training Research Laboratory of ARI.) The literature review thus con-
centrated primarily on the effects of sleep loss as reported in the behav-
ioral science literature. It included a review of selected autobiographi-
cal material and was supported by discussions with military experts. The
last step in the development of the conceptual framework was the incorpora-
tion of revisions based upon observations and results obtained using the
NTC data base, after action reviews, and take home packages.

Considerations in Developinj the Preliminary Conceptual Framework

A Structure for the Combat Process. The structure proposed to
describe the combat process is based upon constructs used by General
William E. Depuy (US Army, Retired). As illustrated in figure 1, the first
component of this construct defines the basic functional systems which
operate in combat. These "vertical functional systems" are organizational
systems which possess their own command and control subsystems at levels
ranging from squad or team to corps and echelons above corps. Key to the
purpose at hand, namely, inquiry into human variables, is the fact that the
contribution of the vertical functional systems is made by executing ele-
ments that are small units or team.;. Also key is the fact that the mar-
ginal value of the contribution of any executing element is enhanced or
degraded by the degree to which it is synchronized by the horizontal sys-
tems: command and control at each echelon. In this regard, DePuy has
described outputs of the command and control processes as:

* developing nested concepts of operation;

* specifying task organization;

7
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"* specifying or clarifying command relationships;

"* establishing cross-service procedures and organization;

"* directi.ng tactical synchronization of combat support, combat service
support, and cross-services functions with maneuver;

"* conducting corps collateral campaigns;

"* harmonizing major campaigns; and

"* conducting joint collateral operations.

Clearly, this description encompasses combat at levels from squad to thea-
ter, and it includes tactical and operational command and control. In the
context of a preliminary conceptual framework it suggested:

" consideration must be given to "executing elements", i.e., small
units or teams;

" synchronization is a critical process which has a major impact on
the "increment of combat power" delivered by executing elements; and

"* synchronization is a product of command and control; command and
control is accomplished by small groups analogous to executing
elements.

Inferred from these three observations were three requirements for the
framework:

* the framework must focus attention on the .fmin§ of small units
and groups, i.e., the delivery of increments of combat power;

* the framework must accommodate the impact of command and control
wi!ti executing elements, i.e., vertical functional system; and

* the framework must reflect the command and control of executing ele-
ments, i.e., horizontal integration.

This initial perspective is not inconsistent with other descriptions
of combat and combat forces. The vertical functional systems are analogous
(but not idertical• to the Battlefield O1,erat rng Systems of the Blueprint
of the Battlefield and to the functional description utilized by Cherry,
et al. , in the design of the Theater Force Effectiveness Combat Simulation
(TFECS). The focus on small groups is consistent with such authors as

?TRADOC. Blueprint of the Battlefield. TRADOC-PAM 11-9.
8Cherry. W.P. (1977). Theater Force Evaluation by Combat Simulation,

Volume I: Process Descriptions (VRI-CAA-2 FR77-1). Ann Arbor, MI: Vector
Research, Incorporated.
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Marshall 9 and Kellett,10 as is the emphasis on command and control and lead-
ership. The perspective leads to a definition of the combat process as
follows: combat is the interaction of two or more forces consisting of
activities performed by small groups or units separated in space and time.
Ideally the activities of these small units or groups arý. coordinated and
synchronized by the command and control of the vertical functional system
to which they belong and by the horizontal integration of command and con-
trol at the echelons to which they belong and at those echelons above them.

Human Performance. Irrespective of vertical functional system and
associated tasks, individual soldiers can be characterized in terms of
anthropometric variables and in terms of basic abilities, such as:

"* vigilance -- an individual's ability to detect signals of varying
frequencies during activities involving continual visadl or auditory
watch;

"* reaction time -- the elapsed time period between the presentation of
stimulus and the onset of the behavioral response (usually motor or
verbal);

"• perception -- the process for interpreting sensations; and the sen-
sory awareness of external objects, qualities, or relations;

"• cognition -- all the processes by which sensory input is transforwed,
reduced, elaborated, stored, recovered, and used. Cognition may also
operate in the absence of external stimulation, as in internally
produced reasoning, decision making, and problem solving;

"• memory -- the capacity to hold a stimulus or information either
temporarily, in sensory or short term memory, or permanently, in
long-term memory;

"• perceptual-motor -- movements in response to a nonverbal stimulus,
such as tracking targets. The response is determined by sensory
input organized by the operator;

"* psychomotor capabilities -- the action of a muscle resulting
directly from a mental process. The mental process may be trig-
gered by sensory inputs, such as incoming messages; and

"* physiological capacity -- the response and adaptation of the body
to external stressors, such as heat, force, vibration, etc.

TLhse basic abilities, modified by training and knowledge, combine with
workspace or soldier-system interface design to establish baseline task
performance. In the context of small unit or small group performance,
cohesion and collective training are further factors that must be included
in establishing baseline collective task performance which leads to incre-

9Marshall, S.L.A. (1978). Men azainst Fire. Gloucester, MA: Peter Smith.

10Kellett, A. (1980). Combat Motivation (ORAE Report No. R77). Ottawa,
Canada: Operational Research and Analysis Establishment.
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ments of combat power. For both individual soldiers and the small units or
groups to which they belong, measurement of task or task sequence perform-
ance in a classic sense, i.e., timeliness, accuracy, and completeness, is
one part of investigating combat effectiveness and the role of huwan vari-
ables. A second and perhaps equally important part is related to behavior
and the process (conscious or not) of a behavior in response to a stimulus.
Marshall reported on the number of infantrymen who participated in fire-
fights, and Rowland 12 has examined levels of participation in combat, field
trials, and simulations. Witus,13 in an analysis based upon Kahlny1', pro-
vides examples of behaviors that are not consistent with training (e.g.,
suppression by artillery fires), and DePuy15 points out instances of the
failure of soldiers and small units to initiate tasks or complete tasks as
a result of stress arising from various sources. This suggests that it is
important to include within the conceptual framework not only consideration
of' baseline task performance, but also consideration of task or behavior
selection. In the baseline consideration of the latter is most strongly
related to training and knowledge, i.e., preparation, motivation, and small
unit leadership and supervision.

Enlvirouental Stressors. In order for the conceptual framework to
provide for variations in task performance and thus contribution to combat,
it must include factors which reflect the conditions under which tasks are
performed. These include:

1. thermal environment -- defined by the temperature, humidity, and
air flow. Operating in cold environments can be prolonged with
appropriate protective clothing, but possibly at the expense of
reduced mobility. Heat acclimatization and increased fluid intake
can delay the onset of heat stress in hot environments;

2. mechanical environment -- vibration or g-forces produced by the
inherent characteristics of the system (e.g. , engine vibration), or
due to the operational mission (terrain, flight maneuvers). Local
biodynamic (e.g., grip pressure), psychomotor, and speech intel.-
ligibility performance decrements occur with increased vibration;

3. auditory environment -- present as a combination of wanted sounds
of messages, and auditory warnings, unwanted noise due to irrele-
vant messages on communications, radio static, engine noise,

1IMarshall, S.L.A.. (1978).

"12Rowland, David. (June, 1986). "Assessment of Combat Degradation" RUSI
JOURNAL. pp 33-43.

13Witus, G. (1987). Illustration of an Approach to Refine the Preliminary
Conceptual Framework Using Historical Evidence of Human Variables in
Combat. (VRI-ARI-9 WP87-1). Ann Arbor: Vector Research, Inc.

"14Kahlny, A. (1984). Thlkigh•tg. of Courage: A Tank Leader's War in th
Golan. Westport, CN: Greenwood Press.

15DePuy, W. (1987). The Effects of Fatigue on Individual and Unit
Performance (VRI-ARI-9 WN87-1). Ann Arbor: Vector Research, Inc.
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explosions, gun fire. Increasing noise levels inhibit performance
on prescribed auditory tasks, and at extreme levels, also inhibit
visual and physiological performance;

4. visual environment -- defined by the level of task (e.g., spot
lighting) and overall (e.g., day versus night) illumination, con-
trast, glare intensity, visual obscuration, such as smoke, fog, or
haze, and limited field of view. In general, increased glare or
obscuration decrease performance, while increased illumination and
contrast up to specified levels increase performance;

5. toxic environment -- present as airborne pollutants, existing due
to inadequate ventilation of the operating system (e.g., carbon
monoxide, etc.) or released through agents in combat, such as chemi-
cal., biological, or radiation. The latter category is of primary
concern. MOPP gear can avert casualty due to the primary agent, but
subjects the operator to new stressors, such as heat stress; and

6. combat environment -- defined by the operational mode (e.g. , con-
tinuous or sustained operations) and mission profile (e.g., deep
attack), and the heat of battle.

Each of these environments impacts upon basic abilities and thus changes
levels cf task performance. More importantly, prolonged exposure to
extremes of these environments leads to degradation in capacity to perform
and creates a deficit which must eventually be overcome, if ineffectiveness
is to be avoided.

The implications for the conceptual framework of environmental stress-
ors are related primarily to characteristics of the theater or area of
operations. As such, the chazacteristics of the environment are predicta-
ble and, relatively speaking, constant. Moreover, environmental stressors
are the subject of a large body of research and field trials.

Stress-Recovery Processes. In a research note produced in the early
stages of this study, DePuyl6 pointed out (in the context of fatigue) that
careful attention needs to be paid to opportunities for recovery from the
effects of prolonged or frequent stress. In particular, he made reference
to the process of "cat napping" and to stress recovery management as
embodied in the use of a reserve, the choice of mission assignments or sub-
ordinate units, and the intent of cross training in a staff element.
Witus, 17 in his examination of historical evidence of human variables in
combat, chose a situation (the opening stages of the Golan Heights campaign
of 1973) in which opportunities for recovery were essentially not available
to the Israelis, and thus observed results of prolonged unrelieved combat
stress.

The components of stress present in combat include physical, mental,
and emotional stressors associated with the requirements to perform tasks
on the battlefield. Depending upon combat situation and vertical

' 6DePuy, W. (1987).

"17Witus, G. (1987).
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functional system the sequencing of tasks and opportunities for full or
partial recovery will differ. Sleep loss is clearly associated with the
pattern of demands for task performance as are physical and mental fatigue.
The recovery process includes sleep and such factors as food, water,
hygiene, socialization, etc.

In the context of the conceptual framework, the stress-recovery pro-
cess raises a question related to the size of a unit and unit effective-
ness. At the level of a small unit or small group, it is reasonable to
asstue that position in a stress-recovery process is essentially the same
for all soldiers in the unit or group, and that the impact on human per-
formance can be assessed in an aggregate way. As numbers of small units
are considered simultaneously, for example, in a battalion or a brigade,
this is most likely not always the case. Hence the conceptual framework
must reflect the distribution of "positions in the stress-recovery process"
over the small units or groups that make up a higher echelon unit or forma-
tion if estimates of effectiveness are to be made for the larger units or
formations.

Impact of Combat. Combat is itself a stressor. It produces uncer-
tainty, generates fear, and, through its dynamics, success and failure of
missions, as well as casualties and damage to soldiers and equipment.
Uncertainty, fear, and combat outcomes contribute to variations in soldier
and small unit performance. Moreover, the impact of these factors is not
independent of other processes of stress and recovery. In the extreme fear
and uncertainty can immobilize individual soldiers and, at times, the units
to which they belong, but such behavior is influenced by most of the
factors discussed previously in this chapter.

"Intangible Factors. In almost all of the literature of combat and in
related behavioral research, attention is focused on factors which are at
best indirectly measurdble but deemed to be highly significant. These
factors include motivation, morale, cohesion, and leadership and initia-
tive. The dictionary definitions of these terms are as follows:

* motivation: an inner drive or impulse, etc. that causes one to
act; incentive;

* morale: moral or mental condition with respect to courage, dis-
cipline, confidence, etc.;

* leadership (lead): to direct by influence, to show the way by
going before;

* initiative: the action of taking the first step or move, ability

in originating new ideas or methods; and

* cohesion: tendency to stick together.

These factors pertain to small units or groups when applied to individuai
soldiers in the case of motivation, morale, leadership and initiative, and
to the unit or group in the case of cohesion. They are not easy to
measure; they are clearly related and are not independent, and they vary
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depending upon the dynamics of the combat process, Kellett 18 discusses
these factors in terms of their impact on five behaviors:

1. advancing;
2. holding;
3, regrouping;
4. breaking; and
5. non-participating.

DePuy 19 refers to the role of leadership and supervision in overcoming the
impact of fatigue within small units. Marshall 20 discusses most of these
factors in the context of World War II infantry combat. Within the context
of the conceptual framework, these factors are significant and are included
as modifiers in all tasks and behaviors.

,Eaimework. Given the factors discussed above, a framework was
developed for inquiry into the nature and impact of human variables in
combat. The key elements of the framework are as follows:

1. The framework addresses human variables in the context of small
units or groups of two categories:

Category 1: Executing Elements, which are the small units
(platoon, squad, maintenance team, etc.) that deliver the combat
power associated with a vertical functional system. These units
have a leader that performs tasks common to those of other sol-
diers in the unit.

Category 2: Command and Control Elements, which are small units or
groups whose principal tasks are associated with command and control
including planning and mission execution. The commander is con-
sidered to be a special member of command and control elements.

2. For the tasks performed by any small unit or group in either of the
categories defined above, individual and collective performance is
measured in terms of two attributes. The first is selection of a
task to perform or behavior to adopt, including a "choice" to do
nothing. The second is performance of a task initiated in terms of
time, accuracy, and completeness.

3. Baseline task performance is determined by the basic abilities of
the soldiers in the small unit, the systems they operate or
support, individual and collective training and experience, cohe-
sion, and leadership and supervision.

4. Levels of task performance change as a function of exposure to
stress and opportunities for recovery. Stressors include

18Kellett, A. (1980).

19 DePuy, W. (1987).

20Marshall, S.L.A. (1978).
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intensity of performance, the ambient environment, and the combat
environment.

5. The rate at which task performance changes is a function of so-
called intangible factors: motivation, morale, and leadership.
These factors are not independent but vary, primarily as a function
of combat dynamics and outcomes.

Testable Models and Hypotheses

The perspective of the combat process underlying the conceptual frame-
work, namely, the focus on the activities of the executing elements and
vertical and horizontal command and control, led to the formulation of a
series of hypotheses, designed in part to prioritize research addressing
human variables in combat.

Hypothsese. The first can be expressed as follows:

Hypothesis 1: A small unit's performance in delivering its increment
of combat power is dominated by initial conditions which determine
opportunities to participate or perform.

This hypothesis derives from the concept of synchronization, namely, the
value of being in the right place at the right time. In the extreme, small
units fail to contribute to combat power because of failures to be in the
right place at the right time -- failures caused by deficiencies in command
and control or in unit performance. In less extreme cases the conditions
which create opportunities, e.g., deployment, preparation, and "battle man-
agement" can be such that only a fraction of the unit's subelements can or
do participate.

The second hypothesis derives from observations by DePuy,21 Marshall, 2 2

and others:

Hypothesis 2: Determination of initial conditions is dominated by
leadership and supervision within the small unit and by command and
control in the vertical functional system.

This hypothesis reflects the fact that it is necessary to deploy, prepare,
and coordinate the elements of a .mall unit to take full advantage of ter-
rain, to ensure that proper to-Is and equipment are available, and to
ensure that the elements (weapons, specialists, etc.) function as a team.
Failures on the part of a superior command and control element cannot easi-
ly be overcome. Given appropriate orders and information it is the respon-
sibility of the small unit leader to fight/perform/execute.

The third hypothesis is based on the result reported by Marshall,
namely, that only a fraction of the riflemen in a unit participated in
firefights:

21DePuy, W. (1987).

22Marshall, S.L.A. (1978).
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Hypothesis 3: Given opportunities to participate, the level of par-
ticipation by individual subsystems does not vary significantly.

The final hypothesis addresses performance at the level of
individual soldier or system:

Hypothesis 4: Given a decision to participate, soldier or system con-
tribution does not vary significantly.

These hypotheses pertain to the value to overall combat effectiveness
of the performance of a task or set of tasks by a small unit or team.
Should the hypotheses be verified by research results, a basis would exist
for choosing which tasks and which soldiers to address in research on human
variables. The third and fourth hypotheses provide general guidance to the
formulation of testable models representing human variables in combat.

Testable Models. The framework proposed in this chapter leads to a
conceptually straightforward scheme of research -- it defines the scope of
any specific investigation, it proposes measures, and it categorizes mod-
erating variables. It also suggests a set of conceptually simple models
that are worthy of investigation. These are presented below as components
of an underlying model of human variables in the combat process. Generally
speaking, they deal with modeling change; that is, baseline performance is
taken as given. The central concept is the variation of levels of perform-
ance over time in a combat environment.

Task Performance Variation. The first model. addresses the pattern of
changes in task performance over time. It postulates that for a specific
small unit or team task performance level lp does not change until a time
t1 has elapsed. A rapid degradation (perhaps immediate) then occurs until
at time t 2 the task will not be performed if initiated.

Baseline Task Performance Level. The second model addresses the ini-
tial level of task performance, lp. It postulates that the initial level
of task performance is a function of basic abilities, training and experi-
ence, cohesion and small unit leadership and management, measurable prior
to initial task execution.

Environmental Moderators. The third model addresses the impact of
environment on task performance. Specifically, it postulates that environ-
mental conditions, properly related to baseline performance measurement,
produce a change in task performance related primarily to soldier-system
interface.

Stress-Recovery Processes. The fourth model has two components. The
first deals with the nature of the stress-recovery process. It postulates
that the stress-recovery process can be represented as an alternating ser-
ies of periods of stress and periods of recovery, with periods of stress
and recovery characterized by a measure of intensity or load. It further
postulates that for a given set of stressors there are three categories of
alternating process characterized by no relief, intermittent relief, and
adequate relief. Only the latter does not create a deficit which eventual-
ly must be removed. The removal of the deficit has a predictable duration
for both of the deficit creating categories.
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The second component of this model deals with the relationship between
task performance level and the stress-recovery process. It postulates that
the relationship is through the time constant tj at which performance
degrades, i.e., knowledge of the stress-recovery process category sets the
time constant.

Intangible Factors. The final model deals with the impact of motiva-
tion, morale, cohesion, and leadership. It postulates that the effect of
these factors for any given small unit and task is to modify the time con-
stant associated with any given category of a stress-recovery process.

To incorporate dynamic variation in human performance into the frame-
work, a conceptual model of stress and recovery is proposed. It postu-
lates, for an individual, reserves or reservoirs of capacity: physical,
mental, and emotional. As illustrated in figure 2, stress is imposed and
tasks or activities are undertaken, reserves are depleted, and a deficit
begins to build. When opportunities for recovery occur, reserves are
restored. It is postulated that there are relationships between the inten-
sity and duration of stress intervals and corresponding interva.s in which
recovery is possible. In particular, prolonged stress without sufficient
opportunities for full restoration of reserves eventually may create a sit-
uation in which reserves are fully depleted; in which case, full restora-
tion is required before effective performance at any level can be under-
taken. The angles in the exhibit are intended to reflect these phenomena.
Angles i1, 02, and 3 are decreasing to indicate that without full restora-
tion, reserves re depleted at a greater rate. Similarly, angle e1 is
greater than 62 to reflect a faster rate of recovery. Finally, TR repre-
sents the time (and resources) required to restore the reserves once the
capacity to perform is completely exhausted.

The second component of the conceptual stress-recovery model is illus-
trated in figure 3. Key to this component is the hypothesis that levels of
performance (measured by time, accuracy, and completeness) and behavior
(measured by probability of action/non-action and duration) do not change
gradually but instead shift between discrete levels as a function ofthe
magnitude of the deficit in capacity described above. Baseline performance
is a function of the operational environment and soldier attributes. Given
a particular stress-recovery process, the time thresholds at which perform-
ance changes are related also to soldier.

Summary

The conceptual framework developed in this study has two principal
components. The first is a structure, based on the organization of a com-
bat force into executing and command and control elements, that organizes
tasks and activities according to battlefield operating systems or vertical
battlefield subsystems. Tasks are associated with small groups--teams,
crews, or staff elements--and are classified as primary or secondary
depending upon whether or not they related to the principal technical func-
tion of the battlefield operating system to which the executing element
belongs. The second principal component of the framework addresses task
performance and behavior. It identifies basic human attributes and assvmes
that baseline performance is a function of basic abilities and training and
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experience. It then assumes that the baseline performance is modified by
operating conditions, and that it changes in a discrete fashion as a func-
tion of stress and recovery patterns. Finally, it is assumed that the
major impact of so-called intAngible factors -- morale, motivation, leader-
ship, cohesion, and initiative is to change the time constants associated
with stress and recovery patterns, in particular, the thresholds at which
levels of performance can change.

From the perspective of combat modeling, application of the framework
to any given set of tasks performed by an executing element or a command
and control element requires that a family of stress-recovery patterns be
developed for the task categories. Clearly, baseline operator abilities,
training and experience, as well as intensity of task performance are com-
ponents of such patterns, as is combat results. The impact of operational
environment is assumed to be first on baseline performance levels and then,
for any stress-recovery pattern, on the rates at which capacity to perform
is depleted or restored, represented as 0 and 9 in figure 2. The assump-
tion of discrete levels of performance relative to capacity reserves
requires that the finite number of levels be determined and that thresholds
be established at which changes take place (represented as Ri and li in
figures 2 and 3, respectively), or, equivalently, the time constants of the
performance step functions be determined. The final required data relate
different sets of values of human attributes to baseline performance and
the above mentioned thresholds or time constants (Rt. and 10 in figures 2
and 3).
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CONCLUSIONS

In undertaking this research, thr;e objectives were set:

* to identify human variables that are expected to influence predic-
tions of combat effectiveness;

* to develop procedures for measuring these variables and collecting

data; and

* to estimate the nature and level of their effects.

The conceptual framework, developed to organize and structure human vari-
ables as they influence combat, focuses attention on the tasks and activi-
ties performed by small units or groups and on tasks associated with
leadership and command and control. It is the latter tasks and activities,
all other things being equal, that are most important since, for example,
expert tank gunnery is of no use if no targets are present in an engagement
area. This suggests that human performance in leadership and command and
control should receive highest priority for research addressing the impact
of human variables.

This suggestion is supported by the results available in S.L.A.
Marshall. 23 Although those results have recently been called into ques-
tion, our data appears to support them in kind, if not in quantity. Fur-
thermore, earlier aork using high resolution combat models and small dif-
ferences in terrain and scenario24 revaled that "only a small fraction (say
20 percent) of the total variance was caused by sampling the attrition pro-
cesses", that is, in our terms the contribution of executing elements given
that they participate.

Baselines for such performance at levels from platoon to corps is not
readily available. Until such baselines are established, it is of marginal
value to investigate the changes in performance that take place as a conse-
quence of stress and recovery. The key variables appear to be training and
knowledge; their impact must be evaluated.

The National Training Center provides valuable data relative to lead-
ership and command and control; from that data it may be possible to devel-
op baselines for brigade, battali a, company, and platoon command and con-

trol performance. Such baselines would contribute to improvements in com-
bat models and would provide a starting point for investigating the major
role of human variables in determining combat effectiveness. The contribu-
tions of executing elements and their performance levels cannot be ignored.
However, the results of this research suggest that given present knowledge,
the study of human variables in executing elements should be given lower
priority relative to execution of command and control activities.

23Marshall, S.L.A. (1978).

24Payne, W.B. (1989, January). Personal communication to the author.
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APPENDIX A

ANALYSIS OF SELECTED NTC RESULTS

This analysis of results from force-on-force exercises at the National
Training Center (NTC) was undertaken in an effort to disclose the possible
relationships that might exist between leadership effectiveness and sleep/
rest patterns. Selected mission segments from NTC were examined within the
context of the four hypotheses, set forth earlier in the research, regard-
ing the nature of such relationships. In May 1938, we proposed to the Army
Research Institute that this analysis be undertaken by extending the NTC
Trendline Analyses being undertaken by elements within USATRADOC to a
greater level of detail through the investigation of the selected mission
segments at the level of independent minibattles within a mission segment.
The underlying idea was that such an investigation would fit particularly
well within the first two of four hypotheses, restated below, in that each
minibattle would represent a particular set of initial conditions, which
had been established by the command and staff planning and the leadership
effectiveness which ensued from that planning during execution. We here
recall the four hypotheses:

* engagement results depend primarily on initial conditions;

* initial conditions depend upon leadership and supervision;

* given initial conditions, levels of participation at the small
unit/executing element remain relatively constant; and

* given participation, performance does not vary significantly until
it falls off dramatically.

The first two hypotheses encompass battalion commanders, battalion staffs,
company commanders, and platoon leaders. The planning and supervising
activities of this group define and bound the activities of the executing
elements. Therefrom, the latter two hypotheses can be addressed in the
context of the ensuing minibattles. As will be disclosed and supported in
the remainder of this chapter, we found that the first two hypotheses
strongly dominate the results of force-on-force engagements undertaken at
the NTC. It will be seen from both the quantitative analyses of mission
segment data and the qualitative analyses of the After Action Reviews
(AARs) and Take Home Packages (THPs), that commander, staff officer, and
leader performance are key to the course of events which unfold within an
NTC mission segment.

Method of Aonroach
Both quantitative and qualitative analyses were undertaken. The qual-

itative analyses consisted of a detailed review of related THPs and AARs
with respect, in large measure, to the first two of the four hypotheses.
In both planning and execution the performance of key leaders and staff
officers was examined in regard to the effects their performance had on
establishing the initial condtigi and the ensuing engagement results. A
taxonomy for this part of the analysis was established as follows:
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"* Battalion Commander and Battalion S-3;

"* Fire Support Officer and Mortar Platoon Leader;

* Battalion S-3 Air and Air Liaison Officer;

• Battalion S-2;

• Scout and Surveillance Platoon Leaders;

* Air Defense Platoon Leader;

* Engineer Company Commander;

* Battalion XO, Battalion S-4, Battalion S-l, and Support Platoon
Leader; and

* Company Team Commanders and their Platoon Leaders.

Within this taxonomy and with respect to both individual and coordinated
activities we examined planning and leadership performance to determine the
effects upon the levels of combat element participation and the degree of
battlefield operating system (BOS) synchronization that were realized dur-
ing the course of a mission segment. In the quantitative analyses both
entire segments and the engagements comprising these segments were
examined. The focus of the analysis was on minibattles or engagements
between opposing groups of the BLUFOR and OPFOR which were established as
relatively independent, in time and space, from the remaining engagements,
even though some of the minibattles so defined, within a segment, transi-
tioned from one to the other. Thus, a minibattle was a sequence of element
engagements within one clearly defined locale where the beginning and end-
ing participating elements changed only as a result of casualties sus-
tained, i.e., no other elements joined in the minibattle during its life
span. The circumstance of new elements joining without a cessation in com-
bat constituted another minibattle which transitioned from the previous.

Clearly, the valid partitioning of a segment into the independent
minibattles as here defined was essential to the success of this analytic
procedure. We began by considering all the force-on-force mission seg-
ments. From among these we selected four for further consideration; the
remaining six were set aside due to the presence of data voids to such a
degree that the needed partitioning could not be accomplished. These four
were then examined in greater detail through a review of firing and player
location data within a set of minibattles which had been tentatively
defined on the basis of paired firing event data. Although the ratio of
paired firing events to all firing events at the NTC is surprisingly low,
it was hoped that sufficient correlation between the paired firing events
and the total population of firing events and player locations would exist
that the tentative minibattles could be validated as independent and
comprehensive of the whole mission segment. Such was not the case. We
then undertook a review of the AAR video tapes in order to gain an under-
standing of the course of events, within each of the four mission segments,
that would be sufficient for establi3hing and validating a set of mini-
battles within each mission segment. From this process we were able to
establish only one mission segment as possessing a digital data base
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sufficiently robust that the intended analytic procedures could be applied.
Even that mission segment offered only 13 percent of the firing events as
paired events; however, through an iterative process of AAR review and
detective work with the digital data base wc were able to establish what
occurred to such an extent that we could proceed with most of the planned
analytic procedures.

Measures of Effectiveness

Measures of effectiveness (MOE) in support of the foregoing approach
fall into several categories. These involve MOE to measure inter- battle-
field cperating system (BOS) synchronization, intra-direct fire synchroni-
zation, and command and control. The intra-BOS MOE and their intended uses
were:

* Within each segment, pairing and firing event, IFCAS missions and
minefield encounter counts, and where applicable, element partici-
pation rates by type system within each BOS were to be calculated
and analyzed. These gross measures were to provide an aggregate
understanding of the overall participation levels and synchroniza-
tion potential for each BOS.

* Within each At' pairing and firing event. IFCAS mission and mine-
field encounter counts, and where applicable, element parcicipation
rates by type system within each BOS were to be calculated and
analyzed:

* overall and within each At; and

0 for each of the several OPFOR target groups (by locale) within
each At.

The Ats and target groups were here determined on the basis of the mini-
battle partitioning undertaken earlier; the first of these MOE was to I1ro-
vide a more refined understanding of overall participation levels and syn-
chronization potential, while the second MOE was to provide an under-
standing of those measures which are correlated in both time and space.

* Within each at, engagement range distributions (taken from the
existing forward trace of RLUFOR) were to be calculated and
analyzed for each BOS. These aggregate measures were to provide
information on the employment of each BOS over time within a
mission segment and allow comparison with doctrinal norms and
environmental limits.

* Within each At, pairing and firing event counts and participation
rates by type systems, target group (locale), and target type were
to be calculated and analyzed. These measures were to allow a
detailed understanding to be developed with respect to the levels
of participation and degrees of synchronization realized within the

'Meaning the time limits for a minibattle.
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mission segment. When considered within the context of the
MOE above, tentative inferences could be drawn with respect to the
effectiveness of C2 , at both battalion task force and company team
levels, as to element participation levels and the degree of syn-
chronization realized.

a Within each At, engagement range distributions for each firer-
target combination by type were to be calculated and analyzed:

"* overall within each At; and

"* for each of the several OPFOR target groups (by locale) within
each At.

MOE related to engagement aspect angles and overall C2 were also
defined in the original analysis plan. During the course of the analysis
these MOE were not calculated and analyzed. With respect to the engagement
aspect angles, the NTC data base simply does not provide data refined to a
level that would support the intended analysis. With respect to the over-
all C2 MOE the digital data base was found to be insufficiently robust to
allow the intended chaining of OPFOR target groups throuPh the network of
minibattles; we were, however, able to examine overall C effectiveness in
a qualitative way on the basis of what was present in the THPs and AARs.

Quantitative Analysis Results

This section is organized into three subsections. In the first, we
will present and discuss aggregate results at the mission segment level. In
the second subsection the time and space parameters defining five mini-
battles are presented followed by analysis results at the minibattle
level. 2 A substantial use of INGRES was made during this analysis. Where
we think it would be helpful to others wishing to undertake a similar anal-
ysis of NTC force-on-force trials we have reported the IQUEL queries used
in Appendix A. Finally, we will summarize the results of the quantitative
analyses, reserving the findings and conclusions following the section on
Qualitative Analysis Results. Thus, our findings and conclusions are based
upon the results of all analyses undertaken.

Mission Segment Results. Sixty-five paired firing events took place
in the mission segment analyzed. Among these, ten were attempted fratri-
cides, all by the OPFOR which resulted in three kills. Fratricide is a
real phenomena at the NTC as well as during actual combat. Therefore,
anyone undertaking an analysis of NTC results needs to be mindful of this
fact in formulating IQUEL queries in a way that readily discloses a fratri-
cide. So, in this case there were fifty-five pairings which involved
opposing forces. Surprisingly, these contained only fifteen firings by the
OPFOR (attempted fratricides excluded) and forty firings by the BLUFOR.
From these firings the BLUFOR achieved nineteen kills and OPFOR achieved
six kills. The OPFOR achieved pairings from both tank and BMP firers; how-
ever, all pairings achieved by the BLUFOR were solely from its tanks. The

2Results from all five minibattles are contained in Appendix A.
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pairing rate for this mission segment was 13 percent; we included the frat-
ricides in calculating this pairing rate, assuming that the total
population of firings also included attempted fratricides. While the
observer-controller made mention of BLUFOR fratricides during the AAR, none
were found among the paired event data. This paired event data has its
obvious limitations. However, we felt it to be the best from among the ten
available to us, The defender/attacker kill ratio is certainly within
expected bounds and the locations and times of the paired events afforded
sufficient information to structure a tentative set of minibattles. The
lack of ITV pairings from BLUFOR was readily explained upon an investiga-
tion by their positioning.

A total of 109 IFCAS missions were fired, ninety-four of these by the
BLUFOR. In its fire planning the BLUFOR provided a total of eighty-nine
target groups. The AAR and THP report very favorably upon the BLUFOR fire
planning and execution. The digital data base supports such favorable con-
clusions insofar as the planning was concerned. However, the digital data
base is at total odds with such a finding insofar as execution is con-
cerned; it contains only six kills, all by the OPFOR. This was a regretta-
ble finding in part. On the basis of the AAR and THP reports we decided to
disregard the lack of artillery kill data. -Thus, we can make no quantita-
tive assessment of artillery/maneuver unit synchronization and must depend
wholly on the qualitative analysis results.

The digital data base reflected no OPFOR mine encounters. This was
not a surprise to us. As reported later in the section Qualitative
Analysis Results, the engineer planning and execution was lacking in
several important and unfortunate ways.

The number of BLUFOR systems by type that were instrumented in this
mission segment is reflected in figure A-1 along with the number of each
system which were killed and which actually fired over the course of the
entire mission segment. Even at the aggregate level these data should be
of concern. Of 26 tanks, only 12 actually fired and yet 15 were killed;
and of 12 ITVs only .1 fired and 7 were killed. In the more detailed quan-
titative and in the qualitative analyses we sought explanations for these
low participation rates. It needs to be noted that in the rotation we
examined that the BFV and M113 were not instrumented to fire. In figures
A-2 and A-3 we see the distributions of tank and ITV firings within the
entire mission segment. The tank distribution is the more revealing. Just
5 of the 26 tanks accounted for 74 prrcent of the engagements; and only 3
tanks accounted for 56 percent of the engagements. Of the three dominant
killers, one was the Commander and one was the Executive Officer of A
Company; they fought their own tanks very well, but did not succeed in
providing the leadership needed for their subordinates to contribute to the
company's mission accomplishment. The ITV distributions of fires presents
no better picture; just two of twelve ITVs account for 89 percent of the
TOW missiles launched and in the aggregate the average number of TOW
missiles launched per ITV over the entire mission segment is only 1.58.

Figure A-4 reflects the distribution of tank engagement ranges over
the entire mission segment. Although the mean engagement range of 1207
meters is well below the maximum effective range of the M60 tank there is
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fairly good balance between the numbers of engagements in the 1000 and 2000
meter range bands. Fourteen percent of the tank engagements do occur at
ranges beyond 2000 meters. This aggregated distribution is presented here
largely as background information. In the subsection on the minibattle
results which follows, we will examine and discuss BLUFOR tank engagement
range distributions within the contexts of what the terrain would allow in
way of engagement opportunities, the direct fire planning which occurred or
not, and the tactical control of fires by small unit leaders.

MinibazZttle Results. The minibattle structure employed in this part of
the analysis is reflected in figure A-5. The locales and time windows of
the five minibattles are shown on the sketch. The central fight was in
minibattle 1. It involved A Company with three platoons of tanks against
two OPFOR battalions. This minibattle transitioned into minibattles 1A and
2 at the times reflected. Minibattle 3A also transitioned from minibattle
1; it involved about one platoon of tanks from A Company and the remnants
of the attacking OPFOR battalions. As can be seen, this was a very rapid
transition of about five kilometers in just 15-20 minutes. Minibattle 3-B
was the first joining of battle between a platoon of tanks from C Company
and the few OPFOR elements (four T-72 tanks and one BMP actually fired)
which slipped through Red Pass earlier; these OPFOR forces were engaged
within the pass by two other tanks from C Company, but only briefly. Of
209 BLUFOR tank firings only 36 occurred sporadically and outside the
bounds of the defined minibattles. All of the 36 firings came from five C
Company tanks which were deployed widely across the battalion sector, i.e.,
two were at the northeast mouth of Red Pass and two others in the vicinity
of Hill 781E some eight kilometers to the northwest of Red Pass. These
wide deployments resulted from repositioning late in the mission segment in
response to the battalion commander's perception that the OPFOR's main
thrust was coming through Red Pass, which in fact was not the case.

The minibattle analysis and results were presented in terms of paired
events, firing events, engagement opportunities, and the range distribu-
tions of fires which could be calculated from the recorded paired events.

The table in figure A-6 summarizes the firing event data by mini-
battle. As mentioned earlier, a total of 209 BLUFOR firing events oc-
curred. The total of 173 discounts the 36 BLUFOR firings which occurred
outside the defined minibattles. A considerable disparity in the ratio of
paired to all firings exists between the BLUFOR and the OPFOR. Twenty-three
percent of BLUFOR's firings were paired, whereas only three percent of the
OPFOR firings are paired. The reason for these differences is not known.
Possibly, the relative static positioning of the BLUFOR coupled with the
larger numbers of OPFOR elements enabled the paired event algorithms to
function far better on BLUFOR firings. Clearly, this large difference pro-
hibits the meaningful calculation of any system or force effectiveness cal-
culations between BLUFOR and OPFOR on the sole basis of the paired event
data. The firing event data is probably sufficiently accurate that some
meaningful and useful insights can be drawn. Overall, BLUFOR did not enjoy
the defender's advantage in shots fired. In only two minibattles (lA and
3B) did BLUFOR outshoot the OPFOR. In one of those the BLUFOR had been

4 bypassed and was engaging OPFOR elements into their rear. In the other,
BLUFOR had occupied some alternate defensive positions and did realize the
defender's advantage against a small OPFOR force to some degree. In
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minibattle 1 where BLUFOR should have had a distinct advantage afforded by
excellent defensive positions, the advantage was not exploited effectively
for reasons of low participation by the elements in position to fight, as
reflected earlier in figures A-2 and A-3, and further exacerbated by the
poor positioning of other elements. Of A Company's 14 tanks only six were
positioned where they could fire effectively into the company's assigned
engagement area CAT, and of these six, 85 percent of the firings came from
just two tanks, which were commanded by the Company Commander and the
Company Executive Officer. The company's mission would have been better
served had they positioned all its tanks in good fighting positions and had
ensured through the preparation of a sound direct fire plan and subsequent
supervision that all A Company's tanks participated in the minibattle.
These points are to be further supported in the section on Qualitative
Analysis. Minibattle 2 was the consequence of poor reporting to battalion
of the situation as it developed in minibattle 1 and the subsequent deci-
sion to have A Company leave its defensive positions and counterattack the
nonexistent threat through Red Pass. In this attempted counterattack only
three of A Company's tanks, including the Company Commander's and one
Vulcan AD gun, succeeded in reaching positions from which they could fight
effectively. The OPFOR forces engaged in their flank were, however,
attacking north toward hills 758 and 751 and not through Red Pass. These
three BLUFOR tanks did achieve a shot ratio of 39/84 or .46 with a locally
engaged force ratio of 3/35 or .09. That is a remarkable shot ratio for
three M60 tanks against 15 T-72 tanks and 20 BMP. Their individual combat
skills, coupled with the OPFOR's decision to continue moving north with all
possible speed, enabled this to occur.

To develop a fuller understanding of engagement opportunities versus
the engagements which in fact occurred, we requested the assistance of ter-
rain analysis experts from the TRADOC Analysis Command at White Sands
Missile Range, New Mexico (TRAC-WSMR). Their help was valuable and enabled
us to examine the engagement opportunities for each of the five mini-
battles. We provided TRAC-1SMR with location and movement data for both
BLUFOR and OPFOR elements within each minibattle. Using high resolution
terrain models developed at TRAC-WSMR for the analysis of terrain effects
on small unit combat, they provided us with resulting line of sight data,
inview and out-of-view segment length data, and first and expected opening
range data for each of our minibattles. The analysis results for each of
the five minibattles are presented in appendix A to this report. A summary
of the results for minibattle 1 is included in this subsection. The proba-
bility of line-of-sight for minibattle 1 is shown in figure A-7. When
coupled with the inview segment length data in figure A-8 it can be readily
seen that: the assigned A Company defensive position afforded excellent
engagemernt opportunities against a force attacking north toward hills 751
and 758 from positions west of Bone (seo figure A-5). These line-of-sight
and inview segment length data are eniric±l data actually calculated on an
element by element basis from the position and movement data provided.
Exc1llant line-of-sight conditions prevail well beyond three thousand
meters. Ample defensive positions for a full company of tanks existed
here. The mean inview segment lengths And the associated distribution
reflect that many long segment lengths exist, which would not only afford
manifold engagement opportunities for tanks but also for ITV.

It will simply be noted here that no ITV within the battalion task

force were positioned with A Company. In fact, all 12 ITV were positioned
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to the rear on the forward slopes of hill 720. This point will be ampli-
fied on further in the section on Qualitative Analysis. The point here is
that ample engagement opportunities would have been prejented had some ITV
been positioned forward with A Company. The ratio of inview to out-of-view
segment lengths reflects that the mean out-of-view segment lengths were in
fact of much shorter duration than the inview segment lengths. The desira-
bility of A Company's assigned battle position as a defensive position is
further emphasized in figure A-9 where we have presented the distributions
of first and expected engagement ranges from the TRAC-WSMR analysis along
with the actual distribution of tank engagements from minibattle 1 at the
NTC. Although only five BLUFOR tanks actually fired during this mini-
battle, the performance of these crews reflects a high level of crew pro-
ficiency in target acquisition and engagement. In the 1000-2000 and
2000-3000 meter range bands engagement performance met the expected opening
range predictions from TRAC-WSMR. As the TRAC-WSMR analysis considers only
terrain effects and not acquisition and effective range capabilities the
lower NTC performance at the extended range should not be a cause for con-
cern. The higher actual percent of engagements at the 0-1000 range band
probably reflects an acceptable shift in the actual versus expected engage-
ment range distributions due to actual acquisition capabilities. The data
support the statement that the tank crews which did fire in minibattle 1
performed well. The lack of mission success resulted from small unit lead-
ership shortcomings in the positioning of the tanks and in thE preparation
of an adequate direct fire plan and follow-on supervision by small unit
leaders.

Sumary of Quantitative Analysis Results. The foremost area of con-
zern coming from the quantitative analysis has to do with the levels of
participation and intra-BOS synchronization. From among the instrumented
BLUFOR systems an aggregate participation level of 39 percent was realized;
yet 58 percent of the total instrumented systems were killed. Thus, 19
percent of BLUFOR's tanks and ITV served simply as targets for the OPFOR
over the course of the entire mission segment. Clearly, the synchroniza-
tion notential among only the direct fire systems is severely limited by
such a low participation level. In a defensive operation, when only 12 of
26 tanks and 3 of 12 ITV actually take part in the battle, the potential
value of any synchronization of these direct fire systems with the indirect
fires, attack helicopter and close air support, and barriers and mine-
fields, is greatly reduced. There were no OPFOR mine encounters reported
in the digital data. Although the indirect fire planning was commendable
and somewhat effective according to the AAR and THP derived data, to be
covered in the subsequent section, it will be seen there that poor report-
ing on the ongoing battle situation and insufficient contingency planning
and rehearsals substantially negated effective inter-BOS synchronization.
The data contained in the digital data base certainly bear this out.

The tanks which participated in the battle were well positioned and
their effectiveness in the battle reflects a high level of crew profi-
ciency. Non-participation in the battle by 14 tanks cannot be explained
fully from the digital data base. Two of the A Company non-participants
were found in the ground player location table at locations 10-12 kilo-
meters from the battle positions assigned to A Company. Three of C
Company's tanks were found in positions at the northeast mouth of Red Pass;
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2 of 3 three fired 22 rounds at a small OPFOR force negotiating the pass.
Five of C Company's tanks movc from their initial battle positions to the C
Company alternate battle position, but three of them did not participate in
minibattle 3B upon their arrival there, as their two companions did. So,
from an employment standpoint the actual participation levels may have, in
fact, been slightly higher than the digital data base indicates, but not
sufficiently high for us to state that the participation level for tanks
was at the doctrinal level.

All of the ITV from E Company are deployed initially on the forward
(southern) slopes of Hill 720 and remain there with only local reposition-
ing taking place through the course of the mission segment. It is not
until the very end of the mission segment, when the outcome of the battle
is decided clearly, that any of them can even range the OPFOR. Then, as
stated earlier, only 3 of the 12 engage the OPFOR; but by then they can
contribute nothing to the battle's outcome.

Overall, there is ample evidence in the quantitative results that
effective command and control, i.e., adequate planning and preparation for
the defense, and situation reporting and assessment along with timely sound
frag orders and responses, simply did not occur during the conduct of this
mission segment. The qualitative analysis, which follows, will bear out
this finding strongly.

Qualitative Analysis Results. The qualitative analysis was undertaken
in two parts. In the first we reviewed the brigade and battalion opera-
tions orders and the battalion after action review (AAR) to gain a full
understanding of what occurred during the mission segment so that the quap-
titative analysis would be accomplished within the context of that under-
standing. During the second part we revisited the AAR, including the one
company team AAR ivhich exists, and studied the pertinent sections of the
mission segment take home package (THP). Our purpose here was to comple-
ment the quantitative analysis, in respect to levels of participation and
degrees of synchronization realized, with the judgments rendered by the NTC
observer-controllers. The AAR and THP based analyses make an important
contribution to this research and to the findings and conclusions we have
drawn. Consequently, upon its completion, we elected to review four addi-
tional AARs of similar mission segments from other rotations chosen at ran-
dom to determine if the mission segment analyzed was alike or not in its
conduct and results to comparable mission segments from other rotations. A
summary of this review is contained in Appendix B. The taxonomy used in
accomplishing this analysis was the one stated in the Method of Approach.
That taxonomy reflects the structure of the AARs. We have chosen to
present the results in terms of the THP structure, which is done with
respect to the following operating systems:

* Intelligence;
* Maneuver;
* Fire Support;
SAir Defense;
* Mobility/Countermobility/Survivability;
* Combat Service Support; and
0 Command and Control.
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Ig W A thorough and well done intelligence preparation of
the battlefield (IPB) is essential to the conduct of an effective defense.
In the terrain analysis it is essential to identify the avenues of approach
and mobility corridors available to the OPFOR and then, coupled with a
thorough knowledge of OPFOR offensive doctrine, to develop a decision sup-
port template (DST), that enables the battalion S-2 to track the OPFOR sit-
uation as it develops. This should be accomplished in reference to named
areas of interest (NAI), which are related to the avenues of approach and
mobility corridors throughout the depth of the expected battlefield. Spot
reports with respect to these NAI coupled with predicted OPFOR decision
points then enable the Battalion S-2 to track the OPFOR's advance and
develop his chosen course of action sufficiently early that the commander
and battalion S-3 can synchronize the application of combat power against
the OPFOR through the supporting fires from artillery, attack helicopters
and CAS, and needed repositioning of maneuver elements. In this mission
segment the S-2's IPB was inadequate. It failed to identify all the mobil-
ity corridors and avenues of approach, including the one used by the
OPFOR's main effort. NAIs were not wholly related to the principal avenues
and did not exteud through the depth of the battalion task force's sector.
The DST was inadequate and in particular did not identify the OPFOR deci-
sion points. Reporting of the developing situation was poor, particularly
from the Scout Platoon and A Company. The main OPFOR thrust came against A
Company. As reported in the section on Quantitative Analysis, those A
Company elements in position to do so fought effectively. Yet no reports
were made to the battalion task force TOC. This absence of reports from A
Company, coupled with erroneous reports (presumably observer-controller
input) from higher headquarters, led the Battalion Commander to conclude
erroneously that the main OPFOR effort was being made through Red Pass.

A very important consequence of all the foregoing was that although
the OPFOR was acquired early, effective tracking was not maintained, the
OPFOR's actual course of action was never developed, and little was provid-
ed to the Commander, his S-3, and his FSO on the expected sequence of
events.

The activities of the Scout Platoon are especially worth noting. The
platoon had the mission to screen from the Whale to the base of Tierfort
Mountain as the battalion task force prepared to defend to the North. On
the night prior to the attack, the OPFOR penetrated with two BRDMs and
inserted dismounted OPs deep in the defensive sector; this escaped all
notice of the Scout Platoon which was deployed on the north (friendly) side
of the Whale. The following afternoon a small force of OPFOR tanks and
BMPs attacked and secured the Whale, killing an Ml, an M3, and a GSR track;
three BMPs and three T-72s were killed in this fight. Shortly after this
OPFOR attack was launched, the Scout Platoon leader on hia own killed seven
BMP and about sixty OPFOR troops as they attempted to dismount a company on
the southwest side of the Whale. In spite of this significant and com-
mendable individual action, the platoon leader chose to leave his platoon
deployed on the north side of the Whale. Finally, the platoon leader took
under fire the main elements of the OPFOR regiment and was quickly killed
himself. At no time during these actions were spot reports provided to the
battalion task force TOC from the scout platoon. The scout platoon did
inflict substantial casualties on the OPFOR, but failed in its two impor-
tant functions of counter-reconnaisance and development of an accurate pic-
ture of the OPFOR situation for the Commander.
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Maneuver. The commander's concept for the defense was sound, although
a bit complicated in that it provided for five contingencies. However, two
important limitations foiled its successful execution. The first of these
was the failure to "sea the battlefield" and track the OPFOR as presented
in the foregoing subsection. The second was that the operations order
failed to convey the commander's concept in sufficient detail that it could
be understood thoroughly enough for adequate position preparations and
direct fire planning to be undertaken for effective coordination to occur
among the company team commanders, the FSO, and the engineer, and for ade-
quate rehearsals of repositioning schemes to happen. The commander's intent
simply was not adequately understood.

As a consequence, a number of failings in planning and preparation
greatly reduced the effectiveness of the defense. Among the most signifi-
cant were:

"* the defense plan was not built around adequate engagement areas;

"* obstacles were not planned to support the commander's concept;

"• plans to control and mass direct fires were inadequate; i.e., tar-
get reference points (TRPs) were not selected and range cards were
not prepared;

"* repositioning schemes were not rehearsed adequately, and reposition-
ing decision points were not adjusted to the governing time and
distance factors; and

"* the engineer's effort was not coordinated between the engineers and
company team commanders.

The battle which ensued was intense. Although the BLUFOR inflicted about
fifty percent attrition on the OPFOR the cohesiveness of the defense was
lost. A lack of synchronization between the barriers and direct fires,
failure to track the OPFOR situation as it developed, and the loss of both
control and purpose during the repositioning of maneuver elements were the
major contributors. The obstacle associated with the task force's primary
engagement area CAT, in front of A and C Companies was placed about 300
meters too far forward. As a result, the launch of about 100 TOW missiles
from the BFV and the firing of many tank rounds rendered only seven TOW
kills and two tank kills. The OPFOR was simply stopped short of the
intended engagement area over a period of twenty- five minutes. Similarly,
the planned FASCAM was fired too early, resulting in only one tank kill.
And in front of E Company, where all 12 ITV were employed on the southern
slopes of Hill 720, there were no obstacles even planned in order to
lengthen the engagement windows of the task force's slowest firing antitank
system.

Since the battalion's primary engagement area with respect to the
center avenue of approach afforded excellent defensive positions with long
range fields of fire and long inview segment lengths, it is difficult to
understand why some of the ITV were not initially attached to A Company,
where they could have substantially thickened the long range anti-tank
fires. The IBP shortcomings and poor spot reporting during conduct of the
defense led to an erroneous assessment of the OPFOR situation as it
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developed and the £ll-advised repositioning of major elements from within
A, B, and C Companies. Finally, as that repositioning occurred control was
lost and the battle became one of isolated engagements, as the surviving
OPFOR forces sped their way onto their objective defended solely by E
Company's ITV. What if Lhe OPFOR had been adequately tracked, the obstacle
associated with CAT properly placed with A and C Companies remaining in
their good defensive positions? The commander's concept was sufficient to
conduct an effective defense against the OPFOR's chosen course of action
had adequate planning and preparations taken place with respect to S-2's
decision support template, the obstacle locations, and the forward deployed

company team positions and their direct fire planning.

Fire uip . In general, the fire planning and execution was report-
ed on favorably in both the AAR and THP. As mentioned earlier in the sec-
tion on Mission Segment Results, this statement is at odds with the digital
data base. Since the NTC digital data bases include many data voids and
some data contradictions we have assumed the observer-controller reports to
be the more accurate where there is disagreement. There were three matters
which merit mention. First, early in the battle good fire planning and
effective coordination between the forward deployed forces and the FSO
resulted in devastating effects on the lead MRB from artillery fires.
Second, the less than adequate IPB and poor reporting prompted delivery of
artillery fires into a group west of D Company's battle position in the
vicinity of Red Pass; however, the OPFOR had turned north and the group had
no effect when fired. Last, there was a lack of adequate fire planning in
the task force's rear around E Company's position where artillery fires
were not employed effectively against the OPFOR following his breakthrough.

Air Defense. Air defense planning was not a coordinated effort. Each
group of air defense was deployed to protect its own asset without knowl-
edge of where any other air defense systems were deployed. Weak troop

leading procedures contributed to poor preparation of air defense positions
and little effectiveness during the battle's conduct. Weak relationships
between the company teams and the STINGER teams resulted in individual
fighting positions not bs constructed for the STINGERs. Directly pertinent
to the purpose of this research was the air defense platoon leader's fail-
ure to ensure effective sleep management with the consequence that STINGER
gunners were found asleep during periods of high air threat on several
occasions. During the battle the platoon leader did not position himself
with the Vulcan platoon, causing significant command and control problems.

Mobility/Countermobility/Sur ivability. Substantial engineer support
was provided the task force in ýhe form of a divisional engineer company
with a fourth platoon attached, four bulldozers, and a bucket loader. Due
principally to a lack of effective time management by the engineers only
3700 mines of 8000 available were delivered to the task force. This
severely limited the task force's countermobility effort. As mentioned
earlier FASCAM was erroneously emplaced early without release from division
and had little effect. Engineer planning began late with the consequence
that only 2400 mines were emplaced, and these emplacements occurred without
coordination between the engineers and ground unit commanders. As a conse-
quence, obstacles were generally not covered by direct fire and were easily
bypassed by the OPFOR. In the one case where the OPFOR was delayed, as
mentioned earlier in the section on Maneuver, the obstacle was poorly
placed, substantially reducing its effectiveness. All in all, the counter-
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mobility plan and execution failed in the aspects of volume, density,
depth, and timeliness.

Combat Service Supo'ot. Combat service support performance by the
task force was limited by the omission of guidance in the Brigade order.
At the company team level there was a dearth of reporting to battalion on
the CSS status, an absence of CSS planning, and a failure to conduct resup-
ply and maintenance operations in a tactical manner. At the battalion's
task force level the S-4 did not exercise centralized control of CSS opera-
tion, nor did he stay abreast of the tactical situation. As a consequence,
no recovery operations were performed, the forward aid station was
destroyed, and sustainment of classes III and V resupply was lacking. Had
the battle been extended, both ammunition and fuel shortages would have
been manifested at the company team level.

ad. The brigade command post did not set the mission
segment off well for the battalion task force actually being exercised in
that an orderly staff planning process was not used. In particular, cours-
es of action were presented concurrently with the mission analysis, and the
mission was not war gamed until after the order was published. The battal-
ion task force's plan lacked sufficient detail to facilitate adequate pre-
parations and control of a defense in sector. Decision points were not
identified where the OPFOR would necessarily have to commit to a particular
avenue of approach and thereby not utilized to resposition BLUFOR forces in
order to mass fires on the OPFOR. Thus, t rehearsals of the several
repositioning schemes were not conducted. Engineer obstacle planning and
emplacement was particularly poor. Only 30 percent of the available mines
were emplaced and these were not coordinated with the company teams as to
their siting. No obstacles were planned in front of E Company. The over-
all results were no mine encounters by the OPFOR, as reflected in the digi-
tal data base, and no contribution to the effectiveness of the defense from
the obstacles that were emplaced. Inadequate spot reporting, coupled with
the inadequate decision support template, resulted in the decision to repo-
sition major maneuver forces on the wrong avenue of approach; according to
the THP this decision was based upon just gm spot report from D Company,
which reported less than a half dozen OPFOR vehicles as a battalion and an
otherwise unconfirmed report fcom division. The three overall findings on
command and control in the THP were:

* the (battalion task force) plan lacked sufficient details to facil-
itate control of preparation (for) and execution of the defense tn
sector;

* there was poor management/supervision of the preparation efforts;
and

0 it was a poor decision to reposition early. The task force lacked
initiative and agility to get back on the enemy in a timely manner.

Findings and Conclusions

Findings. From a combination of the quantitative and qualitative
analyses we have drawn sixteen major findings in regard to this mission
segment. These center around the first two of the four hypotheses advanced
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earlier in this research; yet only one of them deals directly with the
issue of sleep/rest patterns and leadership effectiveness. The principal
findings of this part of the research are the following:

9 the NTC digital data base, while sufficient to support some quan-
titative analysis, is incomplete and in some instances contradictory
within itself or with other data contained in the AAR and THP;

* the BLUFOR counter-reconnaisance was ineffective;

0 BLUFOR participation in the battle was low for all major systems by
any reasonable doctrinal expectation;

* among the participants, there exist a few "killer" systems who par-
ticipate substantially more than all others;

a terrain effects will not explain the foregoing finding; in this
mission segment the terrain afforded enough defensive fighting posi-
tions that all BLUFOR elements could have had ample engagement oppor-
tunities;

* all of the ITV were positioned where they could not bring their
fires to bear on the OPFOR until late in the mission segment when
the battle's outcome had already been decided;

0 the BLUFOR elements which did participate fought well; acquisitions
occurred at expected ranges and the unit's gunnery was good;

* due to low participation, apparently caused by both poor positioning
and inadequate supervision by small unit leaders, BLUFOR did not
enjoy the defender's advantage;

* artillery fire planning was generally good, but incomplete, i.e.,
fires were not planned to the depth of the battalion task force
sector;

* there was insufficient detail in the battalion operation order,
misunderstanding of the commander's intent, and inadequate prepa-
rations for the defense were the consequences;

* similarly, there were insufficient rehearsals and inadequate pre-
parations for the effective execution of plans related to maneuver
unit repositionings;

• there was a total lack of coordination between company team command-
ers and the engineer on the siting of minefields and obstacles;

* the IPB was inadequate to allow commanders and leaders at all
levels to track the OPFOR and ascertain the OPFOR course of action
as it developed;

* spot reporting of the ongoing situation was wholly inadequate
throughout the entire mission segment;
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" the foregoing two findings contributed substantially to an early
repositioning of maneuver forces against the wrong avenue of
approach and away from the avenue which the OPFOR was in fact
using; and

" the lack of an adequate sleep management plan adversely affected
the performance of STINGER crewmen; this is the sole reference to
sleep loss in all the available data, except for a general remark
by the chief observer-controller at the battalion task force AAR
that he "saw some blurry eyes".

C.oncuions. The minibattle approach which we undertook is a viable
one for the purpose of analyzing the results of an NTC force-on-force mis-
sion segment in detail, Because of the current voids and sometimes ques-
tionable data in the NTC digital data bases it must be applied in close
conjunction with the AAR and THP. Although viable in the sense of being
useful in this analysis, we cannot, on the basis of this research, state
that it is always possible to construct a network of ikid mini-
battles from the results of a simulated battle. However, that remains a
very interesting question from at least two perspectives. First, such an
approach can facilitate the analysis and understanding of what took place
in a simulated battle of interest through being able to examine what
occurred during each of the independent nodes (presumably unperturbed by
exogenous influences) and to understand how the battle's ultimate outcome
took place as a consequence of the transitions which occurred among the
minibattles. Second, the structure of a network of minibattles might well
provide a modeling framework wherein attrition algorithms can be applied
independently within each minibattle, allowing the validity of the simulat-
ed-fesults to be assessed in regard to the structure of the network as it
is brought into being by the influences of the environment, opposing C2

processes, and external support.

Lastly, we have drawn a set of conclusions in regard to training
emphasis. The value of the NTC experience could likely be increased if
small unit leaders, by virtue of training at their home station, arrive at
the NTC with a greater appreciation and understanding of the benefits to be
realized from accomplishing detailed coordination with adjacent, and, IM
narticular, supporting elements, proper supervision of their subordinates
in preparation for and conduct of tactical missions, and in reporting of
the developing situation to their higher command elements. While the use of
ARTBASS and other battalion level C2 simulations can benefit the battalion
level in this way, its benefits probably do not extend to company command-
ers, platoon leaders, and key non-commissioned leaders to the extent need-
ed. Home station exercises and other training means need to be developed
and brought into use which for small unit leaders emphasize the importance
of:

o coordination with artillery FSOs and FISTS, engineer, and close air
support (Al and CAS);

0 supervision of subordinates in the preparation of positions and
range cards, target acquisition, target selection, and target
engagement; and
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* reporting of all significant activities with accuracy and complete-
ness as they occur.

Possibly, protocols and training vignettes for use in SIMNET as i- comes
into being can satisfy this need. However, we also conclude that other
less expensive, more quickly realized training means need to be developed
and put to use in Army training at home station to meet these needs.

Similarly, more emphasis needs to be made in training at home station
in staff planning and supervision. In particular, the training of battal-
ion S-2s in IPB and the full inclusion of his activities into both planning
and tracking of the battle require emphasfs. Battalion level CPXs and the
use of battalion level C2 simulations need to emphasize more than just
staff procedures. The substance and detail of IPB needs to be brought to
the foreground in staff exercises. For example, in the defense, DST and
contingency plans need to be developed in detail. Then an external control
element needs to provide the situational inputs needed for the battalion
commander and his staff to assess a developing dynamic situation and to
make the necessary decisions for repositioning forces and employing combat
support vis-a-vis the simulated oppos5ng forces in a timely and synchro-
nized manner.

Finally, home station training must be stressful in the sense that all
participants develop an appreciation of and the individual techniques
needed to enable effective time management. It is universally true in the
NTC results we have examined that effective time management is a severe
challenge to all who enter the NTC training environment. The value of task
delegation must be learned and practiced to the degree possible prior to
the NTC experience. Unit standard operating procedures need to spell out
these task delegations in detail. Subordinates must know and understand
what is expected of them in a given situation; leaders must know what to
check and when.

The body of these conclusions regai.ding small unit leader responsibil-
ities, staff planning and supervision, and time management deals with mat-
ters that are more often learned by experience rather thdn in formal train-
ing. Nonetheless, there are compelling reasons to seek and find means to
raise the level of training in these areas prior to the NTC experience.
First, the experience at the NTC itself should prove to be more valuable if
incoming units are better prepared in these areas. More importantly, the
level of readiness for actual battle sh,.uld be raised by complementary
training protocols which maximize the rviturn from the training experience
at the NTC.

We stated at the onset of this chapter that commander, staff officer,
and leader performances are the key to 1:he course of events which unfold
within an NTC mission segment. Our overall conclusion is that these per-
formances are driven largely by the levitl of tactical and technical profi-
ciency of these commanders and leaders, and their capability to manage
their time effectively in the NTC envirinment, than they are by the levels
of fatigue experienced in that training environment.
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APPENDIX B

MINIBATTLE RESULTS AND EXAMPLE IQUEL QUERIES

This appendix is intended to amplify the results presented in the
section on Minibattle Results. There we discussed the five minibattles
into which the mission segment was partitioned, reported on the various
firing events which occurred during each minibattle, and provided an analy-
sis of the detailed results from minibattle 1. On page 33, we stated some
summary findings from the quantitative analysis, reserving the comprehen-
sive findings and conclusions for that section on page 40.

The tentative partitioning was accomplished by plotting the paired
event data onto a computer generated map of the exercise area. (See figure
6 of the main report.) These data were generated using IQUEL as follows:

range of p is PET

range of q is PSIT

retrieve (p.time, p.tpid, p.tx, p.ty, p.result, p.fpid, q.side, p.fx,

p. fy)

where p.flpn - q.lpn

sort by p.time

During review of the paired event data output we noticed that fratri-
cides were occurring. These we then identified specifically with the fol-
lowing query:

range of p is PET

range of q is PSIT

range of r is PSIT

range of s is PVWT

range of t is PVWT

retrieve (p.time, p.tpid, q.side, s.pveh, p.fpid, p.result, r.side,
t.ptype)

where p tlpn - q.lpn

and p.flpn - r.lpn

and q.side - s.pside

and r.side - t.pside

sort by p.time
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The output of this query highlighted the fratricides in any line where
q.side - r.side and further identified the target vehicle and firer type.

Confirmation of the minibattle definitions was accomplished by itera-
tion between the battalion AAR and additional IQUEL queries which reported
firing events and element locations by minibattle. Toward the end of the
process a number of diagnostic queries were made to finalize the minibattle
definitions, e.g., the location of u elements or units over the
course of the battle. (See example query on Page A-3.)

The initial sets of firing events were obtained by:

range of q is FET

range of p is PSIT

range of r is PVWT

retrieve (q.time, q.pid, xl - int4 (q.x), yl - int4(q.y), r.pveh,
r.pveh, r.pside)

where q.lpn - p.lpn

and p.ptype - r.ptype

and p.side - r.pside

and q.wpn - r.miles

and int4(q.x) > and int4(q.x) <

and int4(q.y) > __ and int4(q.y) <

and q.time > "

and q.time < "

sort by q.time

We next chose to identify all elements present within the time and
space limits of each minibattle re ardless of whether they fired or not.
The following IQUEL query was used:

range of p is qplt

range of q Is psut

retrieve (p.time, p.plpid, xl - int4(p.x), yl - int4(p.y), q.side,
q.pstat, q.track, q.org)

where p.pllpn - q.lpn

and int4(p.x) > and int4(p.x) <

and int4(p.y) > and int4(p.y) < __
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and p.time > "_"

and p.time < "

sort by p.plpid

This report provided the location and movement traces of all elements
present during the minibattle along with any status changes, whether the
element was a tracked vehicle or not and identification of the parent unit.
We later reformatted this query sorting by p.org to capture movement traces
by unit and by side. Foz example:

range of p is gplt

range of q is psut

retrieve (q.org, p.plpid, Xl - int4(p.x), yl - int 4(p.y), q.pstat)

where p.pllpn - q.lpn

and q.side - "B"

and int4(p.x) > __ and int4(p.x) < __

and int4(p.y) > __ and int4(p.y) < __

and p.time > " it

and p.t 4.me < " "_

sort by q.org

As mentioned previously, the NTC mission segment data bases contain voids.
We generated seventeen IQUEL queries to resolve these kinds of questions.
For example, a unit which, according to the plan, should have been posi-
tioned into a particular engagement area for one of the minibattles was
absent; we found the missing units with the following query:

range of p - gplt

range of q - psut

retrieve (p.plpid, q.org, p.time, p.x, q.x, q.pstat)

where p.pllpn - q.lpn

and p.time < ....

and p.time > .... __

and q.org - l/B/X - Oy/

or q.org - 2/B/X - O0y/
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or q.org - 3/B/X - COy/

sort by p.plpid

This query located the three platoons of B Company of the participating
battalion (designation is here excluded) during the time span in question.
This information enabled us to determine precisely when the unit began its
movement and to what locations; previous review of the AAR disclosed only
that the unit was not deployed according to the original operations order
at a time when it effectively could have been.

As presented in the section Minibattle Results, we requested and
obtained very valuable assistance from the terrain analysis experts from
TRAC.WSMR in our analysis of engagement opportunities. We provided element
movement traces to the TRAC-WSMR analysts who applied their terrain analy-
sis models to produce PLOS (probability of line-of-sight), inview and out-
of-view segment lengths, and first and expected opening range data for each
of our minibattles.

When providing us the results of this work the TRAC-WSMR analysts
expressed some concerns with respect to small sample sizes in respect to
four of the five minibattles. Minibattle 1 contains ample data, and we
were informed that the terrain statistics delivered could be taken as rep-
resentative and accurate for that minibattle. Fortunately, that was the
central minibattle in the mission segment we investigated, and is the one
we included in the main body of the report. All five of the minibattles
analyzed are summarized in this appendix.

The distribution of first and expected opening ranges presented in the
appendix come directly from the TRAC-WSMR terrain and engagement opportuni-
ty analysis. The NTC engagement range statistics and distributions come
from the paired event data using the following IQUEL query:

range of p is PET

range of q is PSIT

retrieve (np.time, p.fpid, p.result, q.ptype, range - sqrt
(int4(p.tx) - int4(p.fr))**2 + (int4(p.ty) int4(p.fy))**2)

where p.flpn - q.lpn

and int4(p.fx) > and int4(p.fx) < ____

and int4(p.fy) > and int4(p.fy) < ____

and p.time > "

and p.time < "

sort by q.ptype

Minibattle I: The probability of line-of-sight for minibattle I is shown ",
in figure B-1. When coupled with the inview segmeTkt length data in figure
B-2 it can be readily seen that the assigned A Company defensive position
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afforded excellenr engagement opportunities against a force attacking north
toward hills 751 and 758 from positions west of Bone. These line-of-sight
and inview segment length data are empirical data actually calculated on an
ýlement-by-element basis from the position and movement data provided.
Excellent line-of-sight conditions prevail well beyond three thousand
meters, Ample defensive positions for a full company of tanks existed
here. The mean inview segment lengths an the associated distribution
reflect that many Ion!; segment lengths exist, which would not only afford
manifold engagement opportunities for tanks but also for ITV.

It will simply be noted here that no ITV within the battalion task
force were positioned with A Company. In fact, all 12 ITV were positioned
to the rear on the forward slopes of hill 720. This point was amplified on
further in the section on Qualitative Analysis. The point here is that
ample engagement opportunities would have been presented had some ITV been
positioned forward with A Company. The ratio of inview to out-of-view seg-
ment lengths reflects that thE! mean out-of-view segment lengths were in
fact of much shorter duration than the inview segment lengths. The desira-
bility of A Company's assigned battle position as a defensive position is;
further emphasized in figure B-3 where we have presented the distributions
of first and expected engagement ranges from the TRAC-WSMR analysis along
with the actual distribution of tank engagements from minibattle I at the
NTC. Although only five BLUFOR tanks actually fired during this mini-
battle, the performance of these crews reflects a high level of crew profi-
ciency in target acquisition and engagement. In the 1000-2000 and 2000-
3000 meter range bands engagement performance met the expected opening
range predictions from TRAC-WSMR. As the TRAC-WSMR analysis considers only
terrain effects and not acquisition and effective range capabilities the
lower NTC performance at the extended range should not be a cause for
concern. The higher actual percent of engagements at the 0-1000 range band
probably reflects an acceptable shift in the actual versus expected engage-
ment range distributions due to actual acquisition capabilities. The data
support the statement that the tank crews which did fire in minibattle 1
performed well. The lack of mission success resulted from small unit lead-
ership shortcomings in the positioning of the tanks and in the preparation
of an adequate direct fire plan and follow-on supervision by small unit
leaders.

Minibattle IA: The probability of line-of-sight data reflects a shooting
gallery effect out to seven hundred meters; then again between 2100 and
2600 meters the OFFOR is nearly always in view from BLUFOR. Figures B-4
and B-5 reflect these interv.sibility conditions. What actually occurred
here is that a few elements of A Company were engaging the OPFOR, who had
bypassed them, into their rear as long as they were able in the close-in
intervisibility window. This is further reflected in figure B-6 which
reflects that all the BLUFOR firings occurred in the near engagement
window. As shown in figure B-7, only ten firings, all from BLUFOR, took
place during this minibattle.

MinikatL.2: The PLOS data shown in figure B-8 and the inview segment
length data shown in figure B-9 reflect excellent intervisibility in the
1000 - 2000 meter range band. The OPFOR was at the time attempting to
accelerate his advance and apparently paid little heed to the counterattack
by A Company. Just three tanks from A Company were briefly engaged with 15
T-72 and 20 BMP from the OPFOR. Yet from a locally engaged force ratio of
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I
3/35 or .09 a remarkable shot ratio of 39/84 or .46 was achieved by the few
BLUFOR elements. It is readily apparent from the engagement range distri-
bution data in figure B-10 that the BLUFOR elements took on a rapidly
advancing OPFOR; they inflicted some attrition of the OPFOR in even the
sparse paired event data, but did not slow his advance at all.

Minibattle 3A: This is the last battle of any consequence prior to the
OPFOR's final assault on Hill 720, although the smaller minibattle 3B was
taking place concurrently about three kilometers to the southeast. Inter-
visibility conditions, as reflected in figures B-I1 and B-12, were good out
to 2000 meters. At this juncture in the mission segment, the OPFOR was
clearly in exploitation having effected a breakthrough and was rapidly
advancing toward his assigned objective. We estimate from the ground play-
er location table that the OPFOR outnumbered BLUFOR 16 to 3 or 5.33:1.
Thus, he was able to outshoot the small defending BLUFOR force with the
engagements occurring at ranges well short of what the terrain would have
allowed as reflected in figure B-13. At this point in the battle, the
OPFOR could sustain a few more casualties in order to maintain the momentum
of his attack.

Minibattle 3B: This companion minibattle to 3A also involved a small num-
ber of elements with the OPFOR enjoying a 4:1 locally engaged force ratio.
Out to 1700 meters the opposing elements were in continuous view of one
another as shown in figures B-14 and B-15. The BLUFOR held a slight edge
in the number of shots fired, but again, the OPFOR in exploitation was able
to maintain the momentum of his attack. Those engagements which did occur
took place at very close range as reflected in figure B-16.
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APPENDIX C

FOLLOW-ON CONSIDERATION OF ADDITIONAL AFTER ACTION REVIEWS (AARs)

Because in the rotation examined we depended heavily on the battalion
task force after action review (AAR) to both supplement and complement the
quantitative analysis, we elected to review four additional AARs of similar
mission segments from other rotations, chosen at random, to determine if
the mission segment analyzed was alike or not in its conduct and results to
comparable mission segments from other rotations. This appendix contains a
summary of those follow-on reviews as compared with the review accomplished
earlier and reported in the Qualitative Analysis Results section of the
main report. We came to the conclusion that the AAR from reflected a
mission segment that in its conduct and results was similar to the other
four in most important aspects. This appendix is formatted according to
the AAR taxonomy stated in the Method of Approach section of the main
report.

Coliander and Battalion S-3. The focus here is on the commander's and
operations officer's planning and supervision during the planning, prepara-
tion, and execution phases of the mission segment. Key areas in planning
include Commander, 5-3, FSO, and Engineer involvement with the S-2 in the
IPB, to insure its completeness and correct uses in:

* determining the concept of operations;

* planning the counter-reconnaisance operation;

* selecting of battle positions and engagement areas;

* planning of indirect fires;

* obstacle and position preparation planning; and

9 preparing and disseminating a complete and easily understood opera-
tions order.

In preparation the focus is on:

* preparing positions;

* implementing the obstacle and barrier plan;

* rehearsing repositioning and counterattack plans;

* detailed fire planning for both direct and indirect fires, insuring
that these plans are reflective of the IPB, tied into the planned
obstacles and barriers and responsive to the concept of operations;
and

o insuring that combat service support plans and means are adequate
to support all phases and contingencies related to the concept of
operations.

C-I



In execution, the focus is on:

* "seeing the battlefield" through prior IPB and ISTA means insuring
essential and timely reports on the developing situation;

* effecting synchronization of all combat means during conduct of the
battla; and

* responding via fragmentary orders and supervision to the developing
situation via the repositioning of maneuver elements and the
reallocation of combat support when needed according to the concept
of operation.

Use is made of the foregoing taxonomy in figure C-1 to summarize the
results of our review of the five mission segments considered. Because of
the overall responsibilities of the Commander and the wide ranging
coordcnation responsibilities of the Battalion S-3, areas are included in
this particular comparison which will reappear subsequently regarding other
comnanders, leaders, and staff officers, e.g., adequacy of the IPB, and
thorough and coordinated obstacle planning. As reflected in figure C-1
there were nine areas which predominated, i.e, there were either three or
four occurrences, from the four mission segments reviewed, in which the
observer-controllers specifically critiqued a particular area during the
AARs. In all nine areas the rotation was also critiqued. So, while there
is not mirror-like comparability among these five mission segments, in
those areas dealing with the tasks or functions most frequently critiqued,
there exists a very high level of consistency.

Fire Support Office; and Mortar Platoon Leader. Here the focus of our
review w;2 on the edequacy of fire planning including its relationships to
the (PB and the commander's concept of operation. Among the four added
mission segments reviewed, we identified five areas that were critiqued in
two or three of the mission segments. These five areas and the number of
critiqtue observations were:

* final protective fires not planned for all company team battle
positions -- 3;

* all planned fires were not entered into TACFIRE -- 2;

* mortar. were positioned otz of effective range -- 2;

* fires were not planned in support of the main engagement area -- 2;
and

• fires were not planned forward of obstacles -- 2.

As reported in the section, Fire Support, fire planning and execution
were generally well done. The principal shortfall was the lack of adequate
fire planning in the task force's rear around E Company's position. Thus
in only one of the five areas did we find comparability; however, that did
occur In the area critiqued most frequently in the other four mission
segmert AAP.s.
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battalion-53 Air and Air Liaison Qffcer. In neither the AARs or
the take home packages (THPs) for the four added mission segments are many
critiques made regarding these two individuals. The same pertained to the
iotation. We have judged this apparent comparability to have little mean-
ing. It is more likely a reflection of the low levels of attack helicopter
and close air support employments in the five mission segments considered.

Battalion S-2. Clearly, the IBP is an area of substantial emphasis at
the National Training Center. As a consequence, che S-2's activities are
taken under clos, scrutiny and the AARs deal in depth with S-2 planning,
effectiveness of coordination and dissemination, and tracking of the OPFOR
during the conduct of a mission segment. The most frequent areas critiqued
in the four added AARs reviewed were:

"* insufficient or poorly placed NAIs (named areas of interest) or

TAIs (target areas of interest) -- 3;

"* insufficient DST (decision support template) -- 3;

"* poor reporting -- 3;

* poor tracking of the OPFOR -- 3;

* all mobility corridors or avenues of approach not identified -- 2;
and

* poor counter-reconnaisance planning -- I.

During the mission segment, all six of these areas were identified as being
poorly or incompletely done; so here, too, we found a very high level of
consistency among the five mission segments.

Scout and Surveillance Platoon Leaders. The single predominant area
of critique in the four added AARs dealt with the inadequacy of planning
for and effecting good command and control during the counterreconnaisance
operation. This is not surprising; C2 of a counterreconnaisance is a
severe challenge to units operating over a wide front in the pace of an
OPFOR undertaking reconnaisance operations, largely under the cover of
darkness, in preparation for an attack. It is nonetheless essential to
establish and maintain effective C2 if the platoon's two important func-
tions of counter-reconnaisance and development of an accurate picture of
the OPFOR situation are to be accomplished. In mission segment neither of
these functions was adequately accomplished, due in large measure to
ineffective C2 .

Air Dgfense Platoon Leader. Among the four added mission segments,
there were three areas where in two of the four mission segments similar
critiques were made during the AARs. These three area were:

"• poor command and control (C2 );

"• poor communications with the forward alerting aircraft radar (FARR)
and the direct early warning system (DEWS); and

"• poor understanding of the concept of operations.
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In the mission segment five specific critiques were made during the AAR,
all having to do in one way or another with the lack of effective C2 in the
air defensc platoon.

Engineer Company CoMManDer. In the four added mission segment AARs,
seven areas were critiqued with the frequencies indicated below:

"* obstacles poorly sited -- 4;

"* obstacles not covered by direct fire -- 4;

"* engineer did not participate in the battalion task force planning
-- 3;

"* poor or insufficient fighting position preparation -- 3;

"* small fraction of the planned obstacles actually installed -- 3;

"* occuirence of mine fratricides -- 2; and

"* poor FASCAM planning -- 1.

All seven of these areas were the subject of critique during the AAR.
Battalion XO. Battaliqn S-4. Battalion S-I. and Support Platoon

Leader. The two most frequent areas of critique in the four added AARs
were the S-4's and support platoon leader's failures to manage effective
supply distribution and the failures on the part of the company teams to
make their combat servce support needs known. Both these were mentioned as
areas needing improvement during the AAR.

Company Team Commanders and their Platoon Leaders. The seven areas
most frequently critiqued during the AARs at the company team and lower
levels along with their frequencies of occurrence for the four add on
mission segments are reflected below:

"* planning for and rehearsal of unit repositioning plans lacking or
inadequate -- 4;

"* lack of or poor coordination with the engineers regarding obstacle

and barrier planning and implementation -- 4;

"* poor execution of repositioning plans -- 3;

"* incomplete direct fire planning -- 3;

"* poor reporting on current situations and activities -- 3;

"* poor position preparation -- 2; and

"* poor indirect fire planning -- 2.
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Without exception during the conduct of the mission segment, these seven
areas were similarly critiqued and, in all but one area, more than once
among all the task force's company teams.

In summary, though only four additional battalion level AARs wsere
reviewed, we found among them a high level of consistency, not only within
themselves, but also with the mission segment. Thus, we feel comfortable
with the contribution the qualitative analysis made to our overall analy-
ses, having found, through the process reported in this appendix, that the
AAR is highly consistent with four other battalion task force AARs chosen
at random.
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APPENDIX D

ANALYSIS OF WRIST MONITOR DATA

The literature review leading to the refinement of the causal model
disclosed several findings. There is evidence of operationally significant
performance degradation after 36-48 hours if work is more or less continu-
ous. Performance on simulated combat tasks showed marked performance
decrements after 48 hours without sleep. There are wide individual differ-
ences in the amount of sleep required each night, ranging from 3.5 hours to
as much as 10-12 hours. Chronic restriction of sleep length to less than
4.5 hours per night is not possible without performance impact. Cognitive
abilities are the weak link in human performance for continuous operations.
Given the situation that leaders usually obtain the least amount of sleep
and perform the most cognitively demanding tasks, the likelihood of catas-
trophic failure is greatly increased for unit performance.

HTI proposed the research plan for examining the effects of sleep
loss on leadership and unit performance at the NTC. The Army Research
Institute (ARI) with the Center for Army Leadership (CAL) and the Center
for Army Lessons Learned (CALL) has a continuing research program to
develop measures for individual and unit performance and to identify the
training, leadership, and doctrinal determinants of effective combat per-
formance. Part of the program was to maximize the research benefits for
other ARI projects. Consequently, the research plan outlined a study which
utilized the information gathered from a leadership focused rotation at the
NTC to collect data on the effects of sleep loss.

The proposed research plan included eight phases as follows:

1. Literature review (previously discussed)
2. Examination of NTC data
3. Identification of research objectives
4. Development of a data collection and analysis strategy
5. Development of data collection instruments
6. Data collection
7. Data analysis
8. Preparation of the report

The second step in the research plan was to assess the potential for
using existing NTC data to examine the effects of sleep loss on selected
individual and unit performance measures. There are eight major sources of
NTC data provided by Observer-Controllers (OCs) and the instrumentation
system in use there. These are: history tapes; NTC tactical database;
live fire data; communicatior. tapes; Observer-Controller (OC) notes; video
tapes of after-action reports (AARs); unit take home packages; and NTC
focused rotation data. The last source was of greatest interest because
data can be collected for specific purposes during these rotations.

The possibility of examining existing NTC data was evaluated for its
appropriateness to the current effort. It was determined that existing
data would not be suitable for the current study due to the lack of data on
sleep patterns or other measures of fatigue. The existing data does how-
ever, support assessments of other measures of unit effectiveness such as
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movement rates, navigation accuracy, synchronization indices, engagement
ranges, weapon availability, and gunnery.

Another source of data was determined to have potential for this
effort. The Walter Reed Army Institute of Research (WRAIR) previously con-
ducted an NTC focused rotation using wrist worn activity monitors to col-
lect sleep/rest data. Although this data focused on battalion staff
officers' sleep patterns, the technique offered a relatively objective
method for collecting sleep loss data.

The Leadership and Management Technical Area at ARI scheduled an NTC
focused rotation in February 1988 to examine platoon level leadership.
Through coordination with LMTA and WRAIR it was agreed to "piggyback" the
use of the wrist activity monitors (and some additional sleep items) on
this platoon level leadership data collection.

The focused rotation was viewed primarily as a pilot study to examine
the feasibility of conducting more extensive data collection during future
rotations. The research objectives for the focused rotation were:

"* Collecting observational data to verify that the periods of in-
activity recorded by the activity monitors corresponded to periods
of sleep obtained by the research subjects.

"* Collecting data indicating the extent to which leaders attempt to
enforce some type of sleep/rest plan during the continuous opera-
tions environment at the NTC.

" Collecting data to examine the extent to which SMEs are able to
observe behaviors indicating how the lack of sleep impacts on the
performance of critical leadership tasks such as communicating to
subordinates.

" Examining the extent to which self-report estimates of the average
amount of sleep obtained during the NTC rotation made by members of
the units wearing wrist activity monitors correspond to SME obser-
vations and wrist activity monitor data.

" Examining the feasibility of linking the wrist activity monitor
data and/or observational Ota on performance of critical leader-
ship tasks to measures of unit performance normally collected
through the automated data collection process or Observer-
Controller (OC) records.

The fourth step in the research plan was the development of a stra-
tegy for collecting and analyzing data from the focused rotaticn. The
strategy included four sources of data to collect. The first was self-
report data from participating soldiers. This took three forms: 1) Pre-
rotational data collected through surveys administered to the unit several
weeks before they went to the NTC; 2) Data directly from subjects wearing
the wrist monitors at the time the monitors were returned at the end of the
rotation; and 3) Information collected during post-rotation interviews
conducted at the unit's home station. The second data collection source
was the automated data provided by the wrist activity monitor during the
NTC rotation. The third data source was the observational data collected
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by the SMEs and the OCs during the focused rotation. The final source of
data was the leader and unit performance data normally contained in the
automated records and take-home packages prepared by the NTC OCs.

The data analysis planned for this effort incladed several types of
analyses. Descriptive statistics examining the average amounts of sleep
obtained by individuals in different organizational positions would be cal-
culated. Analyses would also be condurzed to compare wrist activity data
to observations and self-report data on sleep obtained by research sub-
jects. Also, the data would be analyzed to provide an indication of the
extent to which units actually enact any type of sleep/rest plans during
the rotation.

The fifth phase of the research plan was the development of the data
collection instruments. These consisted of a pre-rotation and post- rota-
tion questionnaire, 0C and SME ratings, and the raw data from the wrist
monitors worn by participants. The purpose of the pre-rotation question-
naire was to obtain a self-report measure on the average amount of sleep
normally obtained by unit members and to determine the steps they have
taken at their home station to prepare for the continuous operation en-
vironment at the NTC. The post-rotation questionnaire was developed to be
similar in format and content to the pre-rotation questionnaire for compar-
ative purposes. Observation guides were developed for the OCs and the SMEs
which focus on the collection of data on platoon sergeants, platoon lead-
ers, company commanders, and other leaders wearing wrist activity monitors.
The observation guides were developed with the intention of enabling the
observer to record distinct and observable actions performed by the lead-
ers. The information required included the time an individual went to
sleep or recording the presence or absence of specific behaviors or events.

The sixth phase of the research plan was to collect the data. The
Leadership and Management Technical Area of ARI and the Walter Reed Army
Institute for Research (WRAIR) had proponency for the data collection
effort. The information gathered from the data collection was sent to HTI
for analysis purposes.

The seventh stage of the research plan was to conduct the analysis on
the data to determine trends and relationships. The goal of the data
analyses is the establishment of direct or indirect links of measures of
sleep/rest to measures ot che performance of critical functions.

The final phase of the plan was the preparation of this report. It
documents the research process and the findings from the focused rotation
as well as information gathered from previous rotations using the wrist
monitors.

Research Metbodology

As the project focus evolved, there was a determination to tap and
correlate data from four possible sources available in the NTC environment
during this rotation. As noted earlier, the rotation was a Leadership
focused rotation sponsored by the Center for Army Leadership (CAL) and the
Center for Army Lessons Learned (CALL), with research support from ARI's
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Leadership and Management Technical Area (LMTA) and WRAIR, The four data

sources available as a result of their efforts included:

"* Self-Report/Self-Evaluation data from participating PAidiers;

"* Subjective unit performance data from Observer-Controllers and
Subject Matter Experts; and

"* Sleep/Activity levels measured with wrist monitors;

"* Objective Performance Data from NTC Automated Tracking/scoring
equipment.

Data collection items, procedures and instruments for the first and
second sources were developed by LMTA. Their purpose in developing and
administering the instruments was to assess the relationship of platoon
leadership and combat performance, and as a step in the development and
validation of measurable leadership tasks and performance standards.

The participating soldiers, from Mechanized Infantry and Armor units,
were administered the pre-rotation and post rotation questionnaires by LMTA
staff. Soldiers were asked to provide ratings on leadership, attitudes,
commitment, morale, training adequacy and training quality. The pre-
rotation questionnaires also included requests for demographic data and
information on each individual's military and unit history and responsibil-
ities. Although the question areas were comparable across questionnaires,
and many questions were the same, five separate pre-rotation and post-
rotation forms were developed with individual items specific to the duties
and positions of:

1. Unit Soldiers El - E4
2. Squad Leaders/Tank Commanders
3, Mech infantry Platoon Leaders/Platoon Sergeants
4. Armor Platoon Leaders/Platoon Sergeants
5. Company Coinmanders/lST. Sergeants

The '1TA also developed two Observer-Controller (OC) observation
guides. One type included rating scales on 3 separate 3X5 cards and was
completed by the OCs for each mission (both force-on-force and live fire).
The second type was in booklet format and was completed at the end of the
rotation by the OCs for the unit they observed. The three cards and the
after-rotation ratings included OC evaluations of Platoon Leader and
Platoon Sergeant performance as well as the effect of leadership and sleep
loss on overall mission accomplishment. Specifically, the first card
requested OC ratings on Platoon Leader and Platoon Sergeant performance
on:

* Planning
* Communication
* Supervision
* InitiativeoSoldier/Team Development
* Overall Effectiveness as a Leader

The second card requested their subjective ratings of the following
performance areas:
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"* Platoon Leader Consulted with the Platoon Sergeant in planning, key
decisions;

"* Platoon Leader Informed the Platoon Sergeant About Changes Affer t-
ing Tactics/Supply/Mission;

"* The Platoon Sergeant Supported the Platoon Leader;

"* The Platoon Sergeant took Care of Logistics/Supply; and

"* The Platoon Leader/Platoon Sergeant had Clearly Defined Roles with
Effective Delegation/Sharing.

The third card provided scales for the rating of the "Effectiveness
Level" of the Platoon as a unit in accomplishing its mission and the impor-
tance of the Platoon-Level Leadership and Leader sleep loss to Mission
Accomplishment.

HTI provided input to UIETA on the content of questions for the OCs
and for Subject Matter Experts (SME) on sleep patterns, sleep loss and
performance/sleep loss relationships. It was felt that this data along
with the leadership data being collected by and for the LMTA provided a
rich source of information for the examination of a human variable
(fatigue) on performance.

As noted above, the ARI LMTA also developed Subject Matter Expert
Observation guides that were completed by SMEs for each mission. The SMEs
were ARI headquarters staff who accompanied NTC OCs and tracked individual
units throughout the rotation. Because of the number of items and the con-
ditions of the field, many of the SMEs did not carry the evaluation book-
lets with them to the missions. Inconsistencies in the completeness and
content of the responses prevents the use of the SME booklets as quantifi-
able data sources. They do provide, however, process information relevant
to understanding individual leadership and performance related events and
decisions, and provide institutional knowledge relevant to the interpreta-
tion of other data available from this rotation.

The remaining two data sources, the automated performance measure and
wrist monitor data, unlike the previously discussed data measures, were
objective in nature and provided quantified measures of performance and
sleep. As such, they provided a means of validating the OC, SME and sol-
dier subjective ratings of the effects of sleep loss on performance. Also,
because they were objective measures, they were hoped to be invaluable in
demonstrating an impact of a human variable on performance as well as dem-
onstrating the viability of NTC as a research data source for future
efforts in this area. The ARI field unit at Monterey collects and stores
the unit performance data (including information on hits/misses, movement,
time to kill, rounds to kill, survival ratios, etc.).

The sleep/activity data were collected and scored by The Walter Reed
Army Institute for Research. They have developed unobtrusive wrist moni-
tors that can be worn by soldiers throughout a full rotation and that
accurately indicate sleep and activity schedules and levels. They have
used the wrist monitors during prior rotations and agreed to provide ARI
and its contractors with data wrist mcnitor data collected and scored on
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unit level soldiers for this rotation. It is important to note that WRAIR
has a limited number of wrist monitors and randomly assigned their total of
68 monitors to commanders, platoon leaders and platoon sergeants acr)ss
both the Mechanized and Armor Battalions and anross companies 4ithin the
two battalions. They also selected two tank -rews to instrument. All unit/
platoon leaders and sergeants were not, therefore, instrumented. WRAIR
also collected self-report data from all instrumented soldiers on sleep
patterns, attitudes towards the wrist monitor intrusiveness, comfort, etc.,
and estimated NTC sleep levels. These data were also made availible to ARI
and contractors on this project.

The ARI L&M Technical Area have completed some analyses on the data
collected, examining the relationship of leadership, experience, cohesion,
etc. and OC/SME generated performance ratings. WRAIR is examining sleep
cycles and patterns by rank and Vector is examining the objective per-
formance data of NTC. They are assessing the viability of using these data
for research into the impact of human variables on performance as well as
examining the correlation of objective performance data to OC/SME generated
performance scores. HTI accepted the responsibility of examining the
OC/SME data and the WRAIR sleep data to assess if there is a tie between
sleep patterns/levels and the subjectively rated unit performance. HTI
also accepted the responsibility of examining the pre- and post-rotation
questionnaires and resulting data to assess if possible relationships
between sleep patterns and experience, longevity in the unit, unit leader-
ship ratings, etc.

Resy.lts

Following the collection of data, the LMTA group conducted an initial
analysis of the Observer-Controller data in comparison to information col-
lected through the administration of the pre-rotation questionnaires. As a
result of this initial analysis, they identified six units that could be
considered high performing units, or those obtaining Observer-Controller
after-rotation ratings of "at or above standard" for overall mission per-
formance and overall Platoon leader and Platoon Sergeant performance. They
also identified five low performing units, again, based on Observer-
Controller after-rotation ratings of overall mission performance and over-
all platoon leader and platoon sergeant ratings.

HTI examined the Observer-Controller performance data on a mission by
mission basis and generated a similar list of high and low performing
units. Performance scores were calculated as an average of mission-by-
mission Observer-Controller ratings of platoon leader and platoon sergeant
leadership performance. The HTI list resulted in only three low performing
groups and two high performing groups, all of which were included in the
LMTA units. HTI conducted an assessment of the mission-by-mission scores
of those LMTA designated high and low performing units to examine the dif-
ferences in high and low designations. As can be seen from figure D-1,
there in a pattern of somewhat improved performance over missions for the
LMTA designated high performing units and inconsistent to degrading
performance on the part of the low performing units. The one mission on
February 7 that indicates a significarLt improvement for the low groups is
misleadir.6 in that scores for only one unit comprise that data point.
(Statistical analyses and comparisons were not conducted on the differences
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between the two groups because of instances such as this where limited data
exist.) Data gaps such as these resulted in a flattening of average per-
formance scores for several of the units. This resulted in the units not
being designated as either high or low performing on the basis of mission-
by-mission scores. As can be seen from the figure though, the lower per-
forming units were lower in performance upon entry into the rotation. It
seemed viable, therefore, to maintain some consistency across &nalyses
being conducted on these data and to use the 11TA designation of high and
low perfornlng unit for further data comparisons with sleep data, self-
report data, SME data, etc.

In examining the sleep data provided by WRAIR, HTI discovered that
only one of the high performing units had received wrist monitors and none
of the low performing units had received monitors. The wrist monitors were
randomly distributed and assignment of monitors in a subject pool with rel-
atively few high and low performing groups resulted in most monitors being
assigned to everage performing groups. Therefore, above or below standard
performance by unit could not be directly tied to objectively measured
sleep deprivation or accrual. There were some patterns that were examined,
however, in an effort to determine the viability of future research in this
area and to provide information that could contribute to research design
considerations.

Sleep per day averages for those monitored does not on first review
seem to indicate a sleep deprivation, with individual averages over the
rotation falling between 5 and 8 hours of sleep per night. (Please note,
sleep data referred to in this report include only platoon leader and pla-
toon sergeant measures. URAIR assessment will include command group sleep
data as well as that examined for this report.) These figures might be a
bit misleading, however, as much of the sleep was acquired in sporadic ses-
sions, with frequent interruptions or several small naps over a 24-hour
time period. On a day by day basis, individuals also experienced 24-hour
periods with less than 4 hours of sleep. Their overall average was higher
because almost all instances of low sleep were followed relatively quickly
by a 24-hour period with up to 8 hours of sleep or more. The longest time
period of low sleep was shown by the Armor Task force early in the rota-
tion, where they experienced 3 consecutive days with less than 6 hours of
sleep per day but at least 5 hours per day. (Further and more detailed
interpretation of the sleep data will be undertaken by the WRAIR staff, as
they examine sleep patterns and amounts by area of responsibility, rank,
mission, etc.)

Because there were two task forces (an Armor Task Force and a
Mechanized Infantry Task Force) with separate mission schedules, average
hours of sleep per day were charted by Task Force to determine if sleep
patterns were related to mission schedule. Figure D-2 illustrates the
sleep per day patterns of the two Task Forces. As can be seen, sleep
patterns clearly vary for the two Task Forces. Average sleep by Task Force
per day does not, however, seem to indicate critical sleep shortages oi: low
sleep days without a day for some recovery sleep following close behind.
This task force pattern is reflective of individual sleep patterns, where
recovery sleep was generally obtained within 24 hours of a low sleep
period.
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As noted, sleep pi#tterns were charted by task force to allow for an
assessment of a possible relationship to mission schedule. As a further
step in this analysis, average performance ratings were calculated for the
two Task Forces by date. These performance averages are presented in
figure D-3, Table '. lists the mission types and start times for further
examination of scenario flow and comparison to sleep patterns. As can be
seen from the sleep and performance figures and the mission schedules, the
sleep patterns do appear to correlate to mission schedules but performance
variation is small and does not apparently vary with sleep patterns. The
one exception i!ý the minor dip in performance for the Armor Task Force fol-
lowing the 3 days of averaging less that 6 hours of sleep per day. This
was, however, also their first force-on-force (FOF) mission following three
live fire missions. The ratings on performance foz this mission are there-
fore not easily attributable to sleep loss/fatigue, as they could also be
affected by the change in mission type as well as change in the Obser-ver-
Controllers providing ratings.

Table 1

Mission Schedule and Mission Type for Task Force I, Mechanized Infantry
Task Force

DATE MISSION MISSION TYPE*
START TIME

Feb 3 0800 Hasty Attack FOF
Feb.5 0400 Defense In Sector FOF
Feb.7 0600 Deliberate Attack FOF
Feb.10 0800 Joint Air Att/Day Defense LF
Feb.10 2100 Night Defense LF
Feb.11 0900 Offense LF
Feb.14 0545 Bde Defense In Sector FOF
Feb.15 0600 Bde Hasty Attack FOF
Feb.16 0615 Bde Delay FOF

* FOF - Force on Force

LF - Live Fire

Mission Schedule and Mission Type for Task Force 2 Armor Task Force

DATE MISSION MISSION TYPE
START TIME

Feb.5 0800 Joint Air Att/Day Defense LF
Feb.5 2100 Night Defense LF
Feb.6 0900 Offense LF
Feb.9 0530 Defense in Sector FOF
Feb.11 0300 Night Attack FOF
Feb.12 0600 Mvmt to Contact/Engagement FOF
Feb.14 0545 Bde Defense in Sector FOF
Feb.15 0600 Bde Hasty Attack FOF
Feb.16 0615 Bde Delay FOF
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Because the performance scores reported in figure D-3 included all
task force member scores, and wrist monitor data was from a random sample,
average performance scores were calculated for only those members of each
task force wearing a wrist monitor. It was felt that by restricting the
examination of performance scores to those with sleep data, a more valid
examination of a performance to sleep relationship could be accomplished.
The performance scores for wrist monitored individuals in Task Forces one
and two are presented in figure D-4. As can be seen, the monitored group
performance patterns are reflective of the total group performance pattern
(even to the dip in performance on the Armor Task Force's first FOF
mission) and again not indicative of correlation/relationship to sleep pat-
terns.

As noted earlier, objective performance measures (i.e., automated sys-
tem performance measures) may provide further data that will be sensitive
and related to recorded sleep patterns. To insure this possibility is
examined, HTI has provided the code numbers of the units who were monitored
and the code numbers of the high and low performing units to Vector
Research, for consideration in their examination of the NTC range data.

Additional subjective data were, however, also available from the
Observer-Controllers, providing ratings of mission-by-mission evaluations
of unit performance and a subjective rating of the impact of sleep on over-
all unit performance (versus the platoon leader and platoon sergeant lead-
ership ratings used for the comparisons in the tables above). The Task
Force by mission averages for the ratings of mission-by-mission unit per-
formance and the impact of sleep on performance are reported in figures D-5
and D-6. Overall unit performance was reported as fairly c3nsistent across
missions, and reflects the Observer-Controller leadership performance
ratings (see figure D-3). The impact of sleep loss on mission accomplish-
ment is also not apparently significantly variable across mission types or
task force type, with the exception of the ratings provided on February 14,
the first brigade mission in which both Task Forces participated. For that
one mission, Observer-Controllers felt the performance of the Armor Task
Force was far more affected by sleep loss than that of the Mechanized
Infantry Task Force. This is interesting in that their performance ratings
do not widely differ for that mission. However, the monitored Task Force 2
members did have slightly less sleep than their Task Force 1 counterparts
(See figure D-2). Observer-Controllers might, therefore, have been
responding to sleep deprivation related behaviors. They did not, however,
feel or report a degradation of unit or leadership performance for this
mission.

When sorted for the High and Low performing units, differences were
found in the sleep impact ratings. The performance of the highly rated
units was reported as being more impacted by sleep deprivation than the low
performing units. (Again, statistical tests were not performed because of
the small number of subjects and the short range of possible values, but
the trend is consistent and possibly worthy of further examination.)

As an added point of examination, HTI also charted pre-mission sleep
accumulation. Noting that task forces have fairly distinct patterns of
sleep, it was felt that examination of the accrued sleep over 24, 48 and 72
hours prior to each mission might be important in assessing possible per-
formance impact. Table 2 lists the pre-mission sleep patterns for each
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task force. As can be seen, pre-mission accrual is fairly constant over
any 24 to 72 hour cycle, except for the slightly lower 3.57 hours of sleep
the Armor Task Force obtained on the February 10-11, 21,.hour period. Even
with this one day of sleep loss, the patterns still seem to indicate that
although there may be sleep loss for any one 24-hour period, recovery or
accumulation of sleep over 48 hours to 72 hours may have ameliorated the
effects and prevented the occurrence of noticeable sleep-deprivation. Per-
formance impact would be expected to be negligible for noncognitively-based
tasks with this type of sleep pattern.

Table 2

Pre-Mission Sleep Accumulation
Mechanized Infantry - Task Force 1

Mission Accumulated Sleep Pre-Mission

Date Time # 24hrs, 48hr_. 72hrs.

Feb 3 0800 1 5.48 13.68 20.98
Feb 5 0400 2 4.45 11.25 16.73
Feb 7 0600 3 5.85 14.78 19.23
Feb 10 0800 7 5.38 13.55 21.35
Feb 10 2100 8
Feb 11 0900 9 5.35 10.73 18.9
Feb 14 0545 4 6.68 13.45 20.93
Feb 15 0600 5 7.15 13,83 20.60
Feb 16 0615 6 7.20 14.35 21.03

Armor Task Force 2

Feb 5 0800 13 5.42 10.79 17.82
Feb 5 2100 14
Feb 6 0900 15 5.92 11.34 16.71
Feb 9 0530 10 5.70 10.48 17.16
Feb 11 0300 11 3.57 11.82 17.52
Feb 12 0600 12 6.43 10.00 18.25
Feb 14 0545 4 4.35 12.62 19.05
Feb 15 0600 5 8.38 12.73 21.00
Feb 16 0615 6 4.88 13.26 17.61

In view of the sleep pattern and sleep accumulation values, it is
interesting to note the consistent reporting of sleep deprivation. Self-
perceptions of sleep deprivation and its impact on performance were sys-
tematically collected and available for analysis as was subjective ratings
of Observer-Controllers and SMEs. There were clear differences between the
perceived lack/loss of sleep and the measured amounts of sleep. For exam-
ple, WRAIR staff asked the monitored individuals to assess how much sleep
they thought they averaged per day for the rotation. These ratings have
been compared to the actual sleep per day averages and are reported in
Tables 3 and 4, and figures D-7 and D-8. As can be seen, regardless of
battalion type or area of responsibility, rotation participants perceived
themselves as obtaining much less sleep than they actually managed to get.
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The differences for all comparisons are significant, indicating an
inability of these subjects to accurately judge sleep loss and accrual in
this environment.

What was not clearly answered by these analyses, however, is the
impact of sleep patterns or sleep loss on the performance of these subjects
in this environment. As this issue is critical to the ability to incorpor-
ate human variables impact in combat models, further work is discussed and
recommended in the following sections.

Table 3

Summary Statistics for Estimated and Actual Hours of Sleep by Platoon

Mean Standard
Differencc Deviation

Group n (Hrs:Min) (Hrs:Min) t-Test

Mech Infantry BN

Armor Plt 5 2:39 1:16 4.73*
Mech Inf Plt 6 2:02 1:27 3.59*

Armor BN

Armor Plt 5 2:44 1:48 3.41*
Mech Inf Plt 7 2:40 1:06 6.33**
Tank Crews (2) 6 3:19 0:55 9.32**

* < .05 **P < .01

Table 4

Summary Statistics for Estimated and Actual Hours of Sleep by Assignment

Mean Standard
Difference Deviation

Group n (Hrs:Min) (Hrs:Min) t-test

Mech Infantry BN

Platoon Leader 5 2:34 1:34 3.66*
Platoon Sergeant 5 2:25 1:14 4.38*

Armor BN

Platoon Leader 5 2:25 1:06 4.94**
Platoon Sergeant 6 3:03 1:40 4.49**
Tank Commander 3 2:40 1:07 4.09
Crew 4 3:48 0:45 i0.00**

* R < .05 ** Y < .01
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Conclusions

The focus of this effort was to assess the impact of the human vari-
able of sleep deprivation on performance, for the purpose of assessing the
potential of incorporating this impact in combat modeling. This product
would then provide a framework for the measurement and inclusion of other
human variables into performance predictive models. Unfortunately, data
obtained from this project were not definitive enough to be able to assign
weighted values for use in a combat modeling effort.

In the data reviewed by HTI, acute sleep deprivation was not evi-
denced. The wrist monitor data for platoon leaders and platoon sergeants
did not evidence any extended periods with sleep loss at a level that would
be expected to impact on performance. Although performance measures were
not available to support it, the presenting disrupted sleep patterns and
the measured lowered average of sleep per night were such that they would
likely impact on cognitive performance and command and control decisions,
but would probably not impact on physically demanding tasks, overlearned
tasks or normal operating procedures. As research has shown, the effect
on combat tasks for weapons crews are minor when some sleep is possible
(Headley, et.al., 1988; Drucker, et. al., 1969; Ainsworth & Bishop, 1971).
The disrupted and lowered nightly sleep average might, however, contribute
to a sense of fatigue, (as clearly reported by the subjects monitored).
The impact on performance, however, would probably not be evident in gross
measures, on broad subjective ratings or without measurement of fairly dis-
crete performance parameters throughout the exercise.

As cognitive performance parameters are more sensitive to sleep loss
and sleep cycle disruption, an impact on more finitely delineated cogni-
tively related tasks would have been more likely than the broader perform-
ance measures taken during this rotation (WRAIR, 1987). In addition, broad
task measures would potentially provide sleep deprivation sensitivity if
acute and continued sleep loss were existent, and it was felt NTC would
create this situation, broad measures were anticipated as being relevant
and useful. At least for this rotation, however, that performance environ-
ment was not evidenced. Performance ratings on select task requirements of
command and control personnel might, therefore, have shown more sensitivity
to the impact of the sleep patterns reported here. Their decision making
responsibilities can be assumed to be more cognitively demanding and sensi-
tive to the patt.erns reflected in the current measures, than the perform-
ance tasks assessed for platoon le ders and platoon sergeants.

One interesting effect that was clearly demonstrated in the data, how-
ever, was the self-perception of sleep loss or sleep deprivation. Although
not a focus of this research, the impact on motivation, morale, etc., and
ultimately performance of soldiers who perceive their condition as degraded
could be critical in a combat environment. Research has demonstrated a
clear relationship between motivation and performance, even with sleep
deprivation (WRAIR, 1987; Solick & Michel, 1983). Although difficult to
incorporate in a field-based study, it might be valuable to assess the
impact of accurate feedback on performance, with an eye towards determining
if performance enhancement might be possible.

Another finding that is relevant to possible future research efforts
is the evidence that the Observer-Controllers rated mission accomplishment
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of the high performing units as more susceptible to sleep loss than mission
performance for the low rated units. Since sleep patterns are not avail-
able for either group, it is not possible to assess if differing sleep
patterns and, therefore, related behaviors contributed to this rating
effect or whether OC biases impacted their rating behavior. Current data
could suggest that the OCs felt that consistently low performing units were
inadequate to performing the tasks and external factors were not critical
to the votcome. while higher performing units were perceived as performing
with more precision and, therefore, more susceptible to the impact of sleep
deprivation. It could, however, also suggest that the tasks monitored
for these units were not discrete or operationally defined enough for the
questions asked in this effort and, therefore, more affected by subjective
judgment and biases.

In summary, low sleep periods for those monitored were either not at a
diminished level that would critically affect the performances measured or
the measurement procedures were not sensitive enough to reflect the impact
of the sleep pattern variations or sleep levels of this rotation. Another
consideration, again unsupportable with the current data, is that the amel-
iorating sleep seemingly regularly accrued by the monitored soldiers in
this rotation might be adequate to prevent critical performance degradation
in this type of scenario/environment. Unfortunately, again, the measures
used in this project were not sensitive enough to be able to assess this
potential or to determine the operating variables.

Recommendations

In an effort to prevent duplication of effort and lengthy planning
periods and delays in access to an NTC rotation, this project attempted to
utilize planned leadership performance data collection efforts. Although
the measures were valid for their intended use, they were apparently not
discrete or sensitive enough to reflect an impact of soldier sleep pat-
terns. The data collection items and procedures at least need in-depth
exploration. As an adjunct to this, more sensitive measures must be
defined in order to assess more clearly if sleep deprivation (as present in
NTC environment) does or does not impact critical performance parameters at
the unit level. This appears essential regardless of the human variable
being examined. Defined behaviors that can be checked as cccurring or not
occurring would provide for more definitive data for analysis of the impact
of human variables, especially at the unit level, where clear performance,
behavioral requirements are present and assessable. This reduces the
inconsistency of subjective rating criteria, focuses observations onto
finite behaviors and provides clear data points for measurement.

As evidenced by the extensive amount of data collected, however, both
subjective and objective, data collection is clearly possible at NTC rith-
out being obtrusive or intrusive to the training focus or the combat real-
ism desired. The implications of the use of NTC for relevant research
efforts are therefore very encouraging and efforts for this type of activi-
ty are recommended. Again, however, the expense and unpredictability of
any field study warrants increased planning and preparation to insure mul-
tiple and clearly defined avenues for data collection are available to
answer research questions. In this way, if one data source results in Saps
or unanalyzable data, alternate values can be used to respond to critical
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questions. The WRXIR sleep pattern data for this study were clearly valid,
unqueationably appropriate for the research question be asked and very
informative of subject behavior. Unfortunately, random assignment resulted
in high and low performing groups having only the subjective performance
ratings available for analysis, with no sleep data available. Alternate
data or more discrete behavior and performance data would have perhaps pro-
vided information which could have led to more definitive analyses, conclu-
sions and modeling utility foz these groups.

In summary, the conduct of this study to assess the viability of the
use of NTC as a research bed has resulted in a favorable recommendation for
further cooperative efforts with NTC. However, the questions to be
answered must be well defined, the research plan and data collection items
well anchored in behavioral parameters and clear performance measures and
procedures must be clearly defined, tested and focused for ease in applica-
tion and consistency/validcity of results.
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